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Executive Summary i

xecutive SummaryE
This document presents the results of the Baseline Risk Assessment (BLRA) for
both human health and the environment for the Lower Fox River and Green Bay,
Wisconsin.  For both assessments, risk was characterized for the four reaches of
the Lower Fox River, including Little Lake Butte des Morts, the river from
Appleton to Little Rapids, from Little Rapids to De Pere, and from De Pere to
Green Bay.  While not a part of the overall remedial investigation/feasibility
study, risks were also quantified within the lower Green Bay estuary—defined as
the Bay from the mouth of the River north to Chambers Island.

The BLRA for the Lower Fox River and Green Bay focused on defining the current
(or baseline) human health and ecological risks associated with the chemicals of
potential concern (COPCs) that had been previously identified as posing potential
risk.  These COPCs were identified by the WDNR following the completion of
the Screening Level Risk Assessment (SLRA) (ThermoRetec, 1998).  The COPCs
included PCBs (total and Aroclor 1242), TCDD/TCDF, DDT and its metabolites
(DDE and DDD), dieldrin, and three metals (arsenic, lead, and mercury).

The BLRA determined that PCBs in sediment represent the greatest threat to
human health and the environment.  The principal source of this risk is
bioaccumulation and biomagnification of PCBs from the sediments into fish, and
into the people, birds or animals that eat those fish.  The BLRA also identified
that, of the remaining COPCs, mercury and DDE were found to pose potential
risks to human health and the environment within certain reaches.  However, the
risks from PCB exposure were 10 to 1,000 times greater than risks observed for
all other COPCs.

The BLRA also identified sediment quality thresholds (SQTs) that are associated
with specific levels of risks through fish to human and ecological receptors.  While
not specifically part of identifying baseline risks, these SQTs provide resource
managers with a means of evaluating potential sediment remediation alternatives
within the context of reductions in risk to human health or the environment.  To
that end, the BLRA developed and validated a mathematical model that could
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predict with acceptable accuracy what levels of total PCBs in sediments could be
considered “safe”—i.e., levels below which human or ecological receptors would
not be placed at risk.  These were called Sediment Quality Thresholds (SQTs),
and were developed for both human and ecological receptors.

A summary of the results of the BLRA is presented below.

Summary of Human Health Risk Assessment
Using the results of the SLRA as its starting point, the human health risk
assessment for the Lower Fox River and Green Bay calculated cancer risks and
noncancer hazard indices for the following receptors:

C Recreational anglers
C Subsistence anglers
C Hunters
C Drinking water users
C Local residents
C Recreational water users (swimmers and waders)
C Marine construction workers

The highest cancer risks and noncancer hazard indices were calculated for
recreational anglers and subsistence anglers due primarily to consumption of fish
containing PCBs.  Using fish concentration data from 1990 on (and walleye data
from 1989 in Green Bay), the cancer risks were as high as 1.1 × 10  for-3

recreational anglers and 1.5 × 10  for subsistence anglers.  These risks are more-3

than 1,000 times greater than the 10  cancer risk level, which is the point at-6

which risk management decisions may be made under Superfund.  These risks are
more than 100 times greater than the 10  cancer risk level used by Wisconsin in-5

evaluating sites under chapter NR 700.  The maximum risks for the recreational
and subsistence anglers are about 23 times greater than the cancer risks calculated
for these receptors using the fish concentrations from Lake Winnebago, which
represents background.

The hazard indices were as high as 39 for the recreational angler and 56 for the
subsistence angler, far in exceedence of the value of 1 established to protect
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people from long-term adverse noncancer health effects.  The noncancer health
effects associated with exposure to PCBs include reproductive effects (e.g.,
conception failure in highly exposed women), developmental effects (e.g.,
neurological impairment in highly exposed infants and children), and immune
system suppression (e.g., increased incidence of infectious disease in highly
exposed infants).  The maximum noncancer hazard indices for the recreational
and subsistence anglers are about 23 times greater than the hazard indices
calculated for these receptors using the fish concentrations from Lake Winnebago.

To provide perspective on the number of individuals who are potentially exposed,
there are approximately 47,000 recreational anglers, based on fish licenses, and
between 2,000 and 5,000 subsistence anglers, based on a variety of surveys.  The
subsistence anglers include low-income minority anglers, Native American anglers
and Hmong anglers.

Cancer risks and hazard indices were calculated by river reach and Green Bay
zone.  However, there was relatively little difference between the highest risk in
any reach or zone, which occurred in the De Pere to Green Bay reach, and the
lowest risk in any reach or zone, which occurred in the Little Rapids to De Pere
reach.  The risk in the De Pere to Green Bay reach is 2.6 times greater than the
risk in the Little Rapids to De Pere reach.

The cancer risks and hazard indices were examined in detail in four fish species:
carp, perch, walleye, and white bass.  Carp consistently had the highest
concentrations of PCBs in each reach where data was available and so exhibited
the highest cancer risks and hazard indices.  The lowest concentrations of PCBs
occurred for perch, walleye, or white bass, depending on the river reach or Green
Bay zone.  The cancer risks and hazard indices for these three species are
comparable.

The only other receptors with cancer risks exceeding 10  were the hunters and-6

drinking water users.  The risks to the hunter were as high as 1.1× 10 , but were-4

at least 10 times lower than the risks to the anglers.  The risk to the hunter was
due to ingestion of PCBs in waterfowl.  The risk to drinking water users exceeded
10  only in the De Pere to Green Bay reach.  This exceedence was due to arsenic-6
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in surface water; the arsenic value was from one detected value in a total of six
samples.  A more systematic sampling of this water for arsenic might show this
single detected value to be anomalous.  Additionally, the water in this reach is not
currently used as a source of drinking water and there are no plans to use it as
such in the foreseeable future (this reach of the Lower Fox River is not classified
for use as a source of drinking water).  The cancer risks to drinking water users in
all other reaches and Green Bay were below the 10  level, as were the cancer risks-6

for the local residents, recreational water users (swimmers and waders) and marine
construction workers.

The only other receptor with noncancer hazard indices exceeding 1 was the
hunter.  The highest hazard index for this receptor was 4.3, which is more than
10 times lower than the highest hazard index to the subsistence angler, 56.  The
hazard indices were below 1 for drinking water users, local residents, recreational
water users (swimmers and waders) and marine construction workers.

In conclusion, recreational and subsistence anglers are at greatest risk for
contracting cancer or experiencing noncancer health effects.  The highest cancer
risks are more than 20 times greater than background risks calculated for eating
fish from Lake Winnebago.  The primary reason for these elevated risks and
noncancer hazard indices is ingestion of fish containing PCBs.

Summary of Ecological Risk Assessment
Like the human health risk assessment, the ecological risk assessment used the
SLRA as the starting point for the assessment of the important pathways and
receptors identified for the Lower Fox River.  These included

C Insects and other invertebrates that live in the water and are important
prey items for fish and other insects.

C Insects and other invertebrates that live in or on the sediment (“benthic
invertebrates”) that are important in recycling nutrients and are a
principal part of fish diets.
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C Fish, such as carp and catfish, that live on and forage in the sediments
(“benthic fish”).  These fish are in turn eaten by other fish, birds,
mammals, and humans.

C Fish, such as walleye and yellow perch, that live in the water column,
and eat other fish or insects that live in the water or on the sediments.
These fish may be in turn eaten by other fish, birds, mammals, and
humans.

C Birds, such as swallows, that eat insects that hatch from the sediments
(insectivorous birds).

C Birds, such as cormorants or terns, that principally eat fish from the
river or bay (piscivorous birds).

C Birds, such as eagles, that eat a variety of prey, including fish or small
mammals (omnivorous birds).

C Mammals, such as mink, that eat fish as an important part of their diet
(piscivorous mammals).

For each of these potential receptors, the ecological risk assessment focused
principally on the most conservative endpoint, reproduction.  Risks were
principally evaluated based upon whether the COPC was present at sufficiently
high levels to cause reproductive dysfunction, death at birth, or deformities in the
surviving offspring.  These are presented as hazard quotients:  the ratio of the
levels of COPCs found in the environment to levels known to cause risk.  Risks
were evaluated by reach, and are described below.

Little Lake Butte des Morts
Within the lake, total PCBs and the dioxin-like coplanar PCBs (TCDD-Eq) were
the only COPCs that were identified as causing risk to the benthic invertebrates,
benthic fish, and piscivorous mammals.  Hazard quotients for total PCBs were
between 120 and 840, while levels of lead, mercury, and DDT were below 10.
While the latter COPCs were at sufficiently high concentrations to potentially



Baseline Human Health and Ecological Risk Assessment

vi Executive Summary

impact the survival and reproduction of the sediment-dwelling insects and other
invertebrates, these risks were found to be approximately 20 to 50 times less than
the risks posed by PCBs.

Appleton to Little Rapids
Within this stretch of the river, only total PCBs, TCDD, lead and mercury were
found to be at levels sufficient to pose risk to ecological receptors.  Risks exist for
the sediment-dwelling benthic invertebrates (PCBs, TCDD, lead and mercury),
omnivorous birds (total PCBs), and piscivorous mammals (PCBs).  The highest
risks were found to be in the sediments for benthic infauna, and in fish (PCB HQ
= 360) for potential reproductive failure or death of mink kits.  PCBs were found
to have bioaccumulated into eagle eggs and adult tissues at levels known to cause
embryonic deformities in birds (HQ = 9).

Little Rapids to De Pere
Total PCBs, TCDD, the dioxin-like PCB congeners, DDT and DDE, lead and
mercury were identified as the principal chemicals posing risks to ecological
receptors in this reach.  Like the previous two reaches, the greatest risks were
identified for the benthic invertebrates (all of the above COPCs) and piscivorous
mammals (total PCBs, Aroclor 1242, and TCDD-Eq).  For benthic invertebrates,
total PCB risks were 5 to 10 times greater than risks of the other COPCs (Total
PCB HQ = 93).  Hazard quotients for total PCBs were as high as 340 for mink
reproduction.

De Pere to Green Bay
Within this reach, total PCBs and the dioxin-like PCB congeners were identified
as posing the greatest risks to receptors.  Risks exist for benthic invertebrates
(total PCBs and Aroclor 1242), benthic fish (total PCBs), pelagic fish (total
PCBs), and piscivorous mammals (total PCBs, TCDD-Eq).  PCB risks to
ecological receptors were 100 to 1,000 times greater than any other of the COPCs
in this section of the river.
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Green Bay
There are risks to multiple receptors at all trophic levels from exposure to total
PCBs and TCDD-Eq throughout Green Bay.  This includes impacts to benthic
invertebrates, reproduction in benthic and pelagic fish, embryonic deformities in
piscivorous birds, and highly significant effects to piscivorous mammals.  Of the
remaining COPCs, DDE was at sufficiently high levels to place benthic fish at
risk, and a lower potential risk for hatching of double-crested cormorant eggs.

Sediment Quality Thresholds
For both human health and ecological risk, the BLRA concludes that the greatest
potential risk is from the total PCBs that are found in the sediments of the Fox
River system.  For human health, the greatest risk comes from individuals who
consume the fish caught in the river and bay.  For the ecological receptors, the
greatest risks are to fish from total PCBs in the fish themselves, as well as to the
birds and mammals (e.g., mink) that rely principally on fish in their diet.  Thus,
reducing total PCBs in fish by reducing the levels of total PCBs in the sediments
was determined to be the most important means of reducing risks on the Lower
Fox River.

The Fox River Bioaccumulation Model (FRBM) is a series of mathematical
equations that describes a food web that includes uptake routes from sediment
and water to benthic infauna and ultimately fish.  The mathematical model
developed in the BLRA was constructed so that it could be used to either predict
fish tissue concentrations from a given sediment concentration, or to predict
sediment concentrations from a given fish tissue concentration.  The model was
validated by running the model “forward;” that is, fish tissue concentrations were
predicted from existing sediment concentrations.  When the predicted
concentrations were compared to the actual measurements of total PCBs in fish
collected in the Lower Fox River, the results were highly comparable.  As a further
check on the model’s use, existing fish tissue concentrations were fed into the
model, and predicted with reasonable confidence the existing sediment
concentrations (ThermoRetec, 1999a).
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To determine SQTs associated with the protection of human health, fish
consumption limits were derived from the Great Lakes Sport Fish Consumption
Advisory (GLSFA, 1993).  This protocol is used by the WDNR for the Fish
Consumption Advisory currently in place for the Lower Fox River and Green Bay.
Unrestricted fish consumption has been identified as an RAO for the river.  For
unrestricted consumption (at a 10  health risk), the GLSFC advisory is based-4

upon consuming 225 meals of fish per year for 70 years, with no more than 0.05
mg/kg.  Total PCB levels in whole body concentrations of carp, yellow perch, and
walleye that would not exceed the advisory threshold were estimated, and then
the unlimited consumption SQTs of 27, 522, and 177 Fg/kg in sediments for the
three listed fish species were calculated.

SQTs protective of ecological receptors were also derived based upon levels of
total PCBs in fish causing risk to the fish themselves (survival or reproduction),
or to mink eating the fish.  For carp and walleye, the SQTs associated with egg
survival are 170 and 190, respectively.  The corresponding SQT that would be
associated with fish death was 265 and 286, respectively.  For mink, the SQT that
has never been observed to cause risk to reproduction or kit survival is estimated
at 6 Fg/kg, while the SQT estimated for the lowest concentration observed to
cause a statistically significant effect on reproduction and kit survival is 275 Fg/kg.

Finally, the sediment quality thresholds derived for the human health and
ecological receptors were arrayed to determine what would be a protective, site-
wide SQT.  In addition to the bioaccumulation-derived SQT, the array included
the ARC total PCB sediment criteria that is protective of insects and other
invertebrates that live in the sediments.  The mean, 10 , 50 , and 90  percentileth th th

values were then calculated.  Given this array of values, an SQT of 6 Fg/kg total
PCBs would be 100 percent protective for all receptors (human and ecological),
while 30 Fg/kg in the sediments would be protective of 90 percent of the receptors
(10  percentile).  A median, or 50 percent protection of all species would beth

achieved with a value of 250 Fg/kg.  This value will be carried forward to
determine remediation alternatives in the Feasibility Study.



Table of Contents ix

Table of Contents

1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-1
1.1 Statement of the Problem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-1
1.2 Objectives of the Baseline Risk Assessment . . . . . . . . . . . . . . . . . . . 1-4
1.3 Geographic Boundaries of the Baseline Risk Assessment . . . . . . . . . 1-6
1.4 Organization of the Baseline Risk Assessment . . . . . . . . . . . . . . . . . 1-7

2 Summary of the Remedial Investigation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-1
2.1 Environmental Setting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-1

2.1.1 Little Lake Butte des Morts Reach . . . . . . . . . . . . . . . . . . . . . 2-2
2.1.2 Appleton to Little Rapids Reach . . . . . . . . . . . . . . . . . . . . . . 2-3
2.1.3 Little Rapids to De Pere Reach . . . . . . . . . . . . . . . . . . . . . . . 2-3
2.1.4 De Pere to Green Bay Reach . . . . . . . . . . . . . . . . . . . . . . . . . 2-4
2.1.5 Green Bay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-5

2.2 Site History . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-5
2.3 Current Land Use . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-9
2.4 Sources of Contaminants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-10

2.4.1 Point Sources . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-10
2.4.2 Nonpoint Sources . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-14

2.5 Transport Processes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-14
2.5.1 Atmospheric Transport . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-15
2.5.2 Sediment Transport . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-15
2.5.3 Sediment Deposition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-17
2.5.4 Sediment Bioturbation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-18

2.6 Contaminant Distribution in the Lower Fox River and Green Bay 2-18
2.6.1 Lake Winnebago (Background) Results . . . . . . . . . . . . . . . . 2-19
2.6.2 Little Lake Butte des Morts . . . . . . . . . . . . . . . . . . . . . . . . . 2-19

PCBs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-19
Dioxin/Furans . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-21
Pesticides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-21
Inorganic Compounds . . . . . . . . . . . . . . . . . . . . . . . . 2-21

2.6.3 Appleton to Little Rapids . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-22
PCBs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-22
Dioxin/Furan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-22
Pesticides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-23
Inorganic Compounds . . . . . . . . . . . . . . . . . . . . . . . . 2-23

2.6.4 Little Rapids to De Pere . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-23
PCBs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-23
Dioxin/Furans . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-24
Pesticides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-24



Table of Contents

x Table of Contents

Inorganic Compounds . . . . . . . . . . . . . . . . . . . . . . . . 2-24
2.6.5 De Pere to Green Bay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-25

PCBs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-25
Dioxin/Furans . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-25
Pesticides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-26
Inorganic Compounds . . . . . . . . . . . . . . . . . . . . . . . . 2-26

3 Summary of the Screening Level Risk Assessment . . . . . . . . . . . . . . . . . . . . . . . 3-1
3.1 Human Health Screening Level Risk Assessment . . . . . . . . . . . . . . . 3-1

3.1.1 Potential Pathways at Risk . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-1
3.1.2 Chemicals of Potential Concern . . . . . . . . . . . . . . . . . . . . . . . 3-2

3.2 Ecological Screening Level Risk Assessment . . . . . . . . . . . . . . . . . . . 3-3
3.2.1 Potential Pathways at Risk . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-3
3.2.2 Chemicals of Potential Concern . . . . . . . . . . . . . . . . . . . . . . . 3-3

3.3 Chemicals of Potential Concern for the Baseline Risk Assessment . . 3-3

4 Sediment, Water and Tissue Chemistry Data . . . . . . . . . . . . . . . . . . . . . . . . . . 4-1

5 Human Health Risk Assessment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-1
5.1 Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-1
5.2 Sources, Migration Routes, Human Receptors and Exposure

Pathways . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-3
5.3 Evaluation of Polynuclear Aromatic Hydrocarbons (PAHs) in Whole

Body Fish Tissue Samples . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-9
5.3.1 Screening Evaluation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-9
5.3.2 Calculation of Cancer Risks . . . . . . . . . . . . . . . . . . . . . . . . . 5-11
5.3.3 Results of PAH Evaluation . . . . . . . . . . . . . . . . . . . . . . . . . . 5-12

5.4 Intake Assumptions for Potential Receptors . . . . . . . . . . . . . . . . . . 5-12
5.4.1 Overview of Intake Assumptions . . . . . . . . . . . . . . . . . . . . . 5-12
5.4.2 Generalized Assumptions for Exposure Analysis . . . . . . . . . 5-14

Ingestion of Fish . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-14
Ingestion of Waterfowl . . . . . . . . . . . . . . . . . . . . . . . 5-16
Ingestion of Water . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-17
Dermal Contact with Water . . . . . . . . . . . . . . . . . . . 5-17
Inhalation of Volatiles . . . . . . . . . . . . . . . . . . . . . . . . 5-19
Incidental Ingestion of Sediment . . . . . . . . . . . . . . . . 5-20
Dermal Contact with Sediment . . . . . . . . . . . . . . . . . 5-22

5.4.3 Specific Intake Assumptions for Receptors . . . . . . . . . . . . . 5-24



Table of Contents

Table of Contents xi

Overview of Possible Fish Ingestion Assumptions . . . 5-24
Recreational Anglers . . . . . . . . . . . . . . . . . . . . . . . . . 5-29
Subsistence Anglers . . . . . . . . . . . . . . . . . . . . . . . . . . 5-32
Hunters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-34
Drinking Water Users . . . . . . . . . . . . . . . . . . . . . . . . 5-37
Local Residents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-38
Recreational Water Users . . . . . . . . . . . . . . . . . . . . . 5-40
Marine Construction Workers . . . . . . . . . . . . . . . . . . 5-44

5.5 Exposure Point Concentrations . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-46
5.5.1 Determination of Exposure Point Concentrations . . . . . . . . 5-47
5.5.2 Source Concentrations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-49

Fish Tissue . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-49
Waterfowl Tissue . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-50
Surface Water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-52
Sediment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-52
Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-53

5.5.3 Transfer Factors and Exposure Point Concentrations . . . . . . 5-54
5.6 Dose-response Assessment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-54

5.6.1 Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-54
Noncarcinogenic Dose-response . . . . . . . . . . . . . . . . 5-55
Carcinogenic Dose-response . . . . . . . . . . . . . . . . . . . 5-56

5.6.2 Polychlorinated Biphenyls . . . . . . . . . . . . . . . . . . . . . . . . . . 5-58
Effect of Environmental Processes . . . . . . . . . . . . . . . 5-58
Absorption and Retention . . . . . . . . . . . . . . . . . . . . . 5-60
Health Effects of PCBs in the Great Lakes Area -
Literature Review . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-61
Carcinogenicity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-65
Noncancer Effects . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-70

5.6.3 Polychlorinated Dibenzo-p-dioxins and Dibenzofurans . . . . 5-74
Derivation of Cancer Slope Factor . . . . . . . . . . . . . . . 5-75
Derivation of Reference Dose . . . . . . . . . . . . . . . . . . 5-76

5.6.4 Dieldrin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-76
Derivation of Cancer Slope Factors . . . . . . . . . . . . . . 5-77
Derivation of Reference Dose . . . . . . . . . . . . . . . . . . 5-77

5.6.5 DDT, DDE and DDD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-78
Derivation of Cancer Slope Factors . . . . . . . . . . . . . . 5-78
Derivation of Reference Dose . . . . . . . . . . . . . . . . . . 5-78

5.6.6 Arsenic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-79



Table of Contents

xii Table of Contents

Derivation of Cancer Slope Factors . . . . . . . . . . . . . . 5-79
Derivation of Reference Dose . . . . . . . . . . . . . . . . . . 5-80

5.6.7 Lead . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-81
5.6.8 Mercury . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-83

Derivation of Oral Reference Doses . . . . . . . . . . . . . . 5-84
Derivation of the Inhalation Reference Dose . . . . . . . 5-85

5.6.9 Summary of Toxicity Criteria . . . . . . . . . . . . . . . . . . . . . . . 5-85
5.7 Baseline Risk Characterization . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-86

5.7.1 Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-86
5.7.2 Recreational Angler . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-89

Risk and Hazard Index Equations . . . . . . . . . . . . . . . 5-89
Cancer Risks and Hazard Indices . . . . . . . . . . . . . . . 5-91

5.7.3 Subsistence Angler . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-92
Risk and Hazard Index Equations . . . . . . . . . . . . . . . 5-92
Cancer Risks and Hazard Indices . . . . . . . . . . . . . . . 5-93

5.7.4 Hunter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-94
Risk and Hazard Index Equations . . . . . . . . . . . . . . . 5-94
Cancer Risks and Hazard Indices . . . . . . . . . . . . . . . 5-95

5.7.5 Drinking Water User . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-96
Risk and Hazard Index Equations . . . . . . . . . . . . . . . 5-96
Cancer Risks and Hazard Indices . . . . . . . . . . . . . . . 5-97

5.7.6 Local Resident . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-100
Risk and Hazard Index Equations . . . . . . . . . . . . . . 5-100
Cancer Risks and Hazard Indices . . . . . . . . . . . . . . 5-101

5.7.7 Recreational Water User . . . . . . . . . . . . . . . . . . . . . . . . . . 5-102
Risk and Hazard Index Equations . . . . . . . . . . . . . . 5-102
Cancer Risks and Hazard Indices . . . . . . . . . . . . . . 5-104

5.7.8 Marine Construction Worker . . . . . . . . . . . . . . . . . . . . . . 5-106
Risk and Hazard Index Equations . . . . . . . . . . . . . . 5-106
Cancer Risks and Hazard Indices . . . . . . . . . . . . . . 5-107

5.7.9 Summary of Cancer Risks and Hazard Indices . . . . . . . . . . 5-108
5.8 Evaluation of Lead . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-111

5.8.1 Sediment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-111
5.8.2 Surface Water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-112
5.8.3 Fish Tissue . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-112
5.8.4 Waterfowl Tissue . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-113

5.9 Focused Evaluation of Exposures to PCBs from Fish Ingestion . . 5-113
5.9.1 Concentrations of Total PCBs in Fish . . . . . . . . . . . . . . . . 5-114



Table of Contents

Table of Contents xiii

5.9.2 Equations for Calculating Cancer Risks, Hazard Indices and
Target Concentrations in Fish . . . . . . . . . . . . . . . . . . . . . . 5-119

Cancer Risk Evaluation . . . . . . . . . . . . . . . . . . . . . . 5-119
Noncancer Effects Evaluation . . . . . . . . . . . . . . . . . 5-120

5.9.3 Intake Assumptions and Toxicological Parameters . . . . . . . 5-121
5.9.4 Cancer Risks and Hazard Indices . . . . . . . . . . . . . . . . . . . . 5-124
5.9.5 Risk-based Concentrations in Fish . . . . . . . . . . . . . . . . . . . 5-133

5.10 Uncertainty Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-135
5.11 Summary and Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-138

5.11.1Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-138
Chemicals of Potential Concern . . . . . . . . . . . . . . . 5-138
Exposure Assessment . . . . . . . . . . . . . . . . . . . . . . . . 5-139
Dose-response Assessment . . . . . . . . . . . . . . . . . . . . 5-140
Baseline Risk Characterization . . . . . . . . . . . . . . . . 5-140
Focused Risk Characterization . . . . . . . . . . . . . . . . . 5-143
Uncertainty Analysis . . . . . . . . . . . . . . . . . . . . . . . . 5-148

5.11.2Conclutions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-149

6 Ecological Risk Assessment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-1
6.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-1
6.2 Problem Formulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-2

6.2.1 Contaminants of Potential Concern . . . . . . . . . . . . . . . . . . . . 6-3
6.2.2 Contaminant Fate and Transport . . . . . . . . . . . . . . . . . . . . . . 6-3

Organic Constituents . . . . . . . . . . . . . . . . . . . . . . . . . . 6-4
Inorganic Constituents . . . . . . . . . . . . . . . . . . . . . . . . 6-8

6.2.3 Assessment and Measurement Endpoints . . . . . . . . . . . . . . 6-12
Assessment Endpoints . . . . . . . . . . . . . . . . . . . . . . . . 6-13
Risk Questions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-16
Measurement Endpoints . . . . . . . . . . . . . . . . . . . . . . 6-18

6.2.4 Food Chain Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-21
6.2.5 Conceptual Site Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-22

Exposure Media . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-22
Primary Producers . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-23
Detritus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-23
Primary Consumers . . . . . . . . . . . . . . . . . . . . . . . . . . 6-23
Secondary Consumers . . . . . . . . . . . . . . . . . . . . . . . . 6-23
Higher Consumers . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-24
Top Predators . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-24



Table of Contents

xiv Table of Contents

Ecological Receptors . . . . . . . . . . . . . . . . . . . . . . . . . 6-24
Exposure Routes . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-36

6.3 Characterization of Ecological Effects . . . . . . . . . . . . . . . . . . . . . . 6-37
6.3.1 Polychlorinated Biphenyls (PCBs) . . . . . . . . . . . . . . . . . . . . 6-40

Polychlorinated Biphenyl Mode of Action . . . . . . . . . 6-40
Ecotoxicity of Polychlorinated Biphenyls (PCBs) . . . 6-45

6.3.2 Dioxins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-54
Dioxins Mode of Action . . . . . . . . . . . . . . . . . . . . . . 6-54
Ecotoxicity of Dioxins . . . . . . . . . . . . . . . . . . . . . . . . 6-54

6.3.3 Dichlorodiphenyltrichloroethane (DDT) . . . . . . . . . . . . . . . 6-57
DDT Toxicity to Aquatic and Benthic Invertebrates . 6-58
DDT Toxicity to Fish . . . . . . . . . . . . . . . . . . . . . . . . 6-59
DDT Toxicity to Birds . . . . . . . . . . . . . . . . . . . . . . . 6-59
DDT Toxicity to Mammals . . . . . . . . . . . . . . . . . . . . 6-60

6.3.4 Dieldrin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-61
Dieldrin Toxicity to Water Column and Benthic
Invertebrates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-61
Dieldrin Toxicity to Fish . . . . . . . . . . . . . . . . . . . . . . 6-62
Dieldrin Toxicity to Birds . . . . . . . . . . . . . . . . . . . . . 6-62
Dieldrin Toxicity to Mammals . . . . . . . . . . . . . . . . . 6-63

6.3.5 Arsenic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-64
Arsenic Toxicity to Aquatic and Benthic Invertebrates
and Fish . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-65
Arsenic Toxicity to Birds . . . . . . . . . . . . . . . . . . . . . . 6-65
Arsenic Toxicity to Mammals . . . . . . . . . . . . . . . . . . 6-66

6.3.6 Lead . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-66
Lead Toxicity to Aquatic and Benthic Invertebrates
and Fish . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-66
Lead Toxicity to Birds . . . . . . . . . . . . . . . . . . . . . . . . 6-67
Lead Toxicity to Mammals . . . . . . . . . . . . . . . . . . . . 6-68

6.3.7 Mercury . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-68
Ecotoxicity of Mercury . . . . . . . . . . . . . . . . . . . . . . . 6-68
Mode of Bioaccumulation and Biomagnification . . . . 6-70

6.4 Characterization of Exposure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-75
6.4.1 Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-76

Water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-76
Sediment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-76
Fish . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-77



Table of Contents

Table of Contents xv

Birds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-77
6.4.2 Little Lake Butte des Morts Reach . . . . . . . . . . . . . . . . . . . . 6-77

Water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-77
Sediment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-77
Fish . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-78
Birds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-79

6.4.3 Appleton to Little Rapids Reach . . . . . . . . . . . . . . . . . . . . . 6-79
Water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-79
Sediment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-79
Fish . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-80
Birds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-80

6.4.4 Little Rapids to De Pere Reach . . . . . . . . . . . . . . . . . . . . . . 6-81
Water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-81
Sediment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-81
Fish . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-82
Birds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-82

6.4.5 De Pere to Green Bay Reach . . . . . . . . . . . . . . . . . . . . . . . . 6-82
Water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-82
Sediment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-83
Fish . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-83
Birds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-85

6.4.6 Green Bay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-85
Water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-85
Sediment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-86
Fish . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-86
Birds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-87

6.5 Risk Characterization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-88
6.5.1 Estimation of Exposure Point Risks . . . . . . . . . . . . . . . . . . . 6-88

Little Lake Butte des Morts . . . . . . . . . . . . . . . . . . . . 6-88
Appleton to Little Rapids Reach . . . . . . . . . . . . . . . . 6-91
Little Rapids to De Pere Reach . . . . . . . . . . . . . . . . . 6-93
De Pere to Green Bay Reach . . . . . . . . . . . . . . . . . . . 6-95
Green Bay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-97

6.5.2 Risk Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-100
Little Lake Butte des Morts . . . . . . . . . . . . . . . . . . . 6-100
Appleton to Little Rapids . . . . . . . . . . . . . . . . . . . . 6-104
Little Rapids to De Pere . . . . . . . . . . . . . . . . . . . . . 6-107
De Pere to Green Bay . . . . . . . . . . . . . . . . . . . . . . . 6-111



Table of Contents

xvi Table of Contents

Green Bay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-115
6.6 Uncertainty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-119

6.6.1 Selection of COPCs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-119
6.6.2 Conceptual Model Limitations . . . . . . . . . . . . . . . . . . . . . 6-120
6.6.3 Estimates of Receptor Exposure . . . . . . . . . . . . . . . . . . . . . 6-121
6.6.4 Estimates of Toxicity to Receptors . . . . . . . . . . . . . . . . . . . 6-122

Uncertainty in Selection of Toxicity Reference 
Values . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-122
The Food Chain Model . . . . . . . . . . . . . . . . . . . . . . 6-123
Uncertainty in Selection of Toxicity Equivalent
Factors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-124

7 Sediment Quality Thresholds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-1
7.1 Organic Contaminant Model Selection . . . . . . . . . . . . . . . . . . . . . . 7-2

7.1.1 Model Description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-5
Phytoplankton and Zooplankton . . . . . . . . . . . . . . . . . 7-5
Benthic Invertebrates . . . . . . . . . . . . . . . . . . . . . . . . . . 7-6
Fish . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-7

7.1.2 Objectives of the Food Web Model . . . . . . . . . . . . . . . . . . . . 7-8
Methodology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-10

7.1.3 Lower Fox River Food Web Review and Dietary 
Assignments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-18

7.2 Model Implementation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-20
7.2.1 Model Validation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-20
7.2.2 Determination of Sediment Quality Thresholds . . . . . . . . . 7-22

Human Health Sediment Quality Thresholds . . . . . . 7-22
Ecological Sediment Quality Thresholds . . . . . . . . . . 7-22
Site-wide Sediment Quality Thresholds . . . . . . . . . . . 7-24

8 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-1



Table of Contents xvii

List of Figures

Figure 1-1 Lower Fox River Study Area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-9
Figure 1-2 Little Lake Butte des Morts Reach . . . . . . . . . . . . . . . . . . . . . . . . . 1-10
Figure 1-3 Appleton to Little Rapids Reach . . . . . . . . . . . . . . . . . . . . . . . . . . 1-11
Figure 1-4 Little Rapids to De Pere . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-12
Figure 1-5 De Pere to Green Bay Reach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-13
Figure 1-6 Green Bay Zones and AOC Line . . . . . . . . . . . . . . . . . . . . . . . . . . 1-14
Figure 2-1 PCBs in Whole Carp from Little Lake Butte des Morts . . . . . . . . . 2-27
Figure 2-2 PCBs in Carp Fillets and Skin from Little Lake Butte des Morts . . 2-28
Figure 2-3 PCBs in Whole Walleye from Little Lake Butte des Morts . . . . . . 2-29
Figure 2-4 PCBs in Walleye Fillets and skin from Little Lake Butte des   

Morts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-30
Figure 2-5 PCBs in Whole Yellow Perch from Little Lake Butte des Morts . . . 2-31
Figure 2-6 PCBs in Yellow Perch Fillets and Skin from Little Lake Butte des

Morts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-32
Figure 2-7 PCBs in White Bass Fillets and Skin from Little Lake Butte des

Morts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-33
Figure 2-8 PCBs in Whole Carp from Appleton to Little Rapids . . . . . . . . . . . 2-34
Figure 2-9 PCBs in Carp Fillets and Skin from Appleton to Little Rapids . . . . 2-35
Figure 2-10 PCBs in Walleye Fillets and Skin from Appleton to Little Rapids . 2-36
Figure 2-11 PCBs in White Bass Fellets and Skin from Appleton to Little

Rapids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-37
Figure 2-12 PCBs in Whole Carp from Little Rapids to De Pere . . . . . . . . . . . . 2-38
Figure 2-13 PCBs in Walleye Fillets and Skin from Little Rapids to De Pere . . 2-39
Figure 2-14 PCBs in White Bass Fillets and Skin from Little Rapids to         

De Pere . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-40
Figure 2-15 PCBs in Whole Carp from De Pere to Green Bay . . . . . . . . . . . . . 2-41
Figure 2-16 PCBs in Carp Fillets and Skin from De Pere to Green Bay . . . . . . . 2-42
Figure 2-17 PCBs in Whole Walleye from De Pere to Green Bay . . . . . . . . . . . 2-43
Figure 2-18 PCBs in Walleye Fillets and Skin from De Pere to Green Bay . . . . 2-44
Figure 2-19 PCBs in Whole White Bass from De Pere to Green Bay . . . . . . . . 2-45
Figure 2-20 PCBs in White Bass Fillets and Skin from De Pere to Green Bay . 2-46
Figure 5-1 Potential Source Media, Chemical Migration Routes, Human

Receptors and Exposure Pathways . . . . . . . . . . . . . . . . . . . . . . . . 5-152
Figure 5-2 Cancer Risks for the Little Lake Butte des Morts Reach . . . . . . . 5-153
Figure 5-3 Hazard Indices for the Little Lake Butte des Morts Reach . . . . . . 5-154
Figure 5-4 Cancer Risks for the Appleton to Little Rapids Reach . . . . . . . . . 5-155
Figure 5-5 Hazard Indices for the Appleton to Little Rapids Reach . . . . . . . 5-156
Figure 5-6 Cancer Risks for the Little Rapids to De Pere Reach . . . . . . . . . . 5-157
Figure 5-7 Hazard Indices for the Little Rapids to De Pere Reach . . . . . . . . 5-158
Figure 5-8 Cancer Risks for the De Pere to Green Bay Reach . . . . . . . . . . . . 5-159



List of Figures

xviii Table of Contents

Figure 5-9 Hazard Indices for the De Pere Green Bay Reach . . . . . . . . . . . . 5-160
Figure 5-10 Cancer Risks for Green Bay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-161
Figure 5-11 Hazard Indices for Green Bay . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-162
Figure 5-12 Concentrations of Total PCBs in Fish in Little Lake Butte des

Morts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-163
Figure 5-13 Concentrations of Total PCBs in Fish in Appleton to Little   

Rapids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-164
Figure 5-14 Concentrations of Total PCBs in Fish in Little Rapids to De Pere 5-165
Figure 5-15 Concentrations of Total PCBs in Fish in De Pere to Green Bay . . 5-166
Figure 5-16 Concentrations of Total PCBs in Fish in Zone 2 of Green Bay . . 5-167
Figure 5-17 Concentrations of Total PCBs in Fish in Zone 3A of Green Bay . 5-168
Figure 5-18 Concentrations of Total PCBs in Fish in Zone 3B of Green Bay . 5-169
Figure 5-19 Concentrations of Total PCBs in Fish in Zone 4 of Green Bay . . 5-170
Figure 5-20 Concentrations of Total PCBs in Walleye in Little Lake Butte des

Morts Reach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-171
Figure 5-21 Concentrations of Total PCBs in Walleye in Appleton to Little

Rapids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-172
Figure 5-22 Concentrations of Total PCBs in Walleye in Little Rapids to De

Pere Reach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-173
Figure 5-23 Concentrations of Total PCBs in Walleye in De Pere to Green Bay

Reach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-174
Figure 5-24 Concentrations of Total PCBs in Walleye in Zone 3B of Green   Bay

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-175
Figure 5-25 Range of Cancer Risks for Recreational Anglers and Subsistence

Anglers in the Lower Fox River . . . . . . . . . . . . . . . . . . . . . . . . . . 5-176
Figure 5-26 Maximum Cancer Risks for Recreational Anglers and Subsistence

Anglers by Reach in the Lower Fox River . . . . . . . . . . . . . . . . . . . 5-177
Figure 5-27 Range of Cancer Risks for Recreational Anglers and Subsistence

Anglers in Green Bay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-178
Figure 5-28 Maximum Cancer Risks for Recreational Anglers and Subsistence

Anglers by Zone in Green Bay . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-179
Figure 5-29 Range of Hazard Indices for Recreational Anglers and Subsistence

Anglers in the Lower Fox River . . . . . . . . . . . . . . . . . . . . . . . . . . 5-180
Figure 5-30 Maximum Hazard Indices for Recreational Anglers and Subsistence

Anglers by Reach in the Lower Fox River . . . . . . . . . . . . . . . . . . . 5-181
Figure 5-31 Range of Hazard Indices for Recreational Anglers and Subsistence

Anglers in Green Bay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-182



List of Figures

Table of Contents xix

Figure 5-32 Maximum Hazard Indices for Recreational Anglers and Subsistence
Anglers by Zone in Green Bay . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-183

Figure 5-33 Risk-based Fish Concentrations for Recreational Anglers . . . . . . . 5-184
Figure 5-34 Risk-based Fish Concentrations for Subsistence Anglers . . . . . . . 5-185
Figure 5-35 Risk-based Fish Concentrations Using Assumptions from the Great

Lakes Sport Fish Advisory Task Force . . . . . . . . . . . . . . . . . . . . . 5-186
Figure 7-1 Food Web Model of the Lower Fox River and Green Bay . . . . . . . 7-25



xx Table of Contents

List of Tables

Table 4-1 Data Sets Included in the Fox River Database . . . . . . . . . . . . . . . . . 4-2
Table 5-1 Potential Human Receptors and Exposure Pathways for the Lower

Fox River and Green Bay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-187
Table 5-2 Fish Consumption Advisories for Lower Fox River and Green Bay 5-188
Table 5-3 Data Summary for 1998 Whole Body Fish Tissue Samples . . . . . 5-190
Table 5-4 Toxicity Criteria and Calculated RBSCs . . . . . . . . . . . . . . . . . . . . 5-191
Table 5-5 Screening of Constituents Against RBSCs and Calculated Cancer

Risks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-192
Table 5-6 Permeability Coefficients for Chemicals of Potential Concern . . . 5-193
Table 5-7 Calculated Permeability Coefficients for PCB Aroclors and PCB,

Dioxin and Furan Congeners . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-194
Table 5-8 Absorption Factors for Chemicals for Ingestion of Sediment . . . . 5-195
Table 5-9 Absorption Factors for Chemicals for Dermal Contact with

Sediment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-196
Table 5-10 Fish Ingestion Assumptions for Recreational Angler . . . . . . . . . . . 5-197
Table 5-11 Fish Ingestion Assumptions for Subsistence Angler . . . . . . . . . . . 5-198
Table 5-12 Consumption of Sport Fish by Hmong Anglers . . . . . . . . . . . . . . 5-199
Table 5-13 Consumption of Fish from De Pere to Green Bay Reach of Lower

Fox River by Hmong Anglers . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-200
Table 5-14 Average Size of Meal Consumed by Hmong . . . . . . . . . . . . . . . . 5-201
Table 5-15 Summary of Intake Parameter Values for Recreational

Anglers—RME Assumptions . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-202
Table 5-16 Summary of Intake Parameter Values for Recreational

Anglers—CTE Assumptions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-203
Table 5-17 Summary of Intake Parameter Values for Subsistence

Anglers—RME Assumptions . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-204
Table 5-18 Summary of Intake Parameter Values for Subsistence Anglers—CTE

Assumptions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-205
Table 5-19 Summary of Intake Parameter Values for Hunters—RME

Assumptions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-206
Table 5-20 Summary of Intake Parameter Values for Hunters—CTE

Assumptions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-207
Table 5-21 Summary of Intake Parameter Values for Drinking Water Users . 5-208
Table 5-22 Summary of Intake Parameter Values for Local Residents . . . . . . 5-209
Table 5-23 Summary of Intake Parameter Values for Swimmers . . . . . . . . . . 5-210
Table 5-24 Summary of Intake Parameter Values for Waders . . . . . . . . . . . . 5-211
Table 5-25 Summary of Intake Parameter Values for Marine Construction

Workers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-212
Table 5-26 Upper-bound Measured Concentrations for the Little Lake Butte

des Morts Reach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-213



List of Tables

Table of Contents xxi

Table 5-27 Upper-bound Measured Concentrations for the Appleton to Little
Rapids Reach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-214

Table 5-28 Upper-bound Measured Concentrations for the Little Rapids to De
Pere Reach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-215

Table 5-29 Upper-bound Measured Concentrations for the De Pere to Green
Bay Reach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-216

Table 5-30 Upper-bound Measured Concentrations for Green Bay . . . . . . . . 5-217
Table 5-31 Average Measured Concentrations for the Little Lake Butte des

Morts Reach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-218
Table 5-32 Average Measured Concentrations for the Appleton to Little Rapids

Reach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-219
Table 5-33 Average Measured Concentrations for the Little Rapids to De Pere

Reach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-220
Table 5-34 Average Measured Concentrations for the De Pere to Green Bay

Reach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-221
Table 5-35 Average Measured Concentrations for Green Bay . . . . . . . . . . . . 5-222
Table 5-36 Cancer Evidence for Exposure to Commercial PCB Mixtures . . . . 5-223
Table 5-37 PCB Cancer Slope Factors by Persistence and Route of Exposure 5-224
Table 5-38 Toxicity Equivalency Factors for Dioxin-like PCBs . . . . . . . . . . . 5-225
Table 5-39 Summary of Dioxin and Furan Toxicity Equivalency Factors . . . . 5-226
Table 5-40 Summary of Cancer Slope Factors by Route of Exposure . . . . . . . 5-227
Table 5-41 Summary of Reference Doses by Route of Exposure . . . . . . . . . . 5-228
Table 5-42 Total Cancer Risks for the Recreational Angler (RME with Upper-

bound Concentrations) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-229
Table 5-43 Total Hazard Indices for the Recreational Angler (RME with Upper-

bound Concentrations) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-230
Table 5-44 Total Cancer Risks for the Recreational Angler (RME with Average

Concentrations) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-231
Table 5-45 Total Hazard Indices for the Recreational Angler (RME with

Average Concentrations) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-232
Table 5-46 Total Cancer Risks for the Recreational Angler (CTE with Average

Concentrations) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-233
Table 5-47 Total Hazard Indices for the Recreational Angler (CTE with Average

Concentrations) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-234
Table 5-48 Total Cancer Risks for the Subsistence Angler (RME with Upper-

bound Concentrations) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-235
Table 5-49 Total Hazard Indices for the Subsistence Angler (RME with Upper-

bound Concentrations) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-236



List of Tables

xxii Table of Contents

Table 5-50 Total Cancer Risks for the Subsistence Angler (RME with Average
Concentrations) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-237

Table 5-51 Total Hazard Indices for the Subsistence Angler (RME with Average
Concentrations) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-238

Table 5-52 Total Cancer Risks for the Subsistence Angler (CTE with Average
Concentrations) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-239

Table 5-53 Total Hazard Indices for the Subsistence Angler (CTE with Average
Concentrations) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-240

Table 5-54 Total Cancer Risks for the Hunter (RME with Upper-bound
Concentrations) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-241

Table 5-55 Total Hazard Indices for the Hunter (RME with Upper-bound
Concentrations) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-242

Table 5-56 Total Cancer Risks for the Hunter (RME with Average
Concentrations) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-243

Table 5-57 Total Hazard Indies for the Hunter (RME with Average
Concentrations) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-244

Table 5-58 Total Cancer Risks for the Hunter (CTE with Average
Concentrations) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-245

Table 5-59 Total Hazard Indices for the Hunter (CTE with Average
Concentrations) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-246

Table 5-60 Total Cancer Risks for the Drinking Water User (RME with Upper-
bound Concentrations) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-247

Table 5-61 Total Hazard Indices for the Drinking Water User (RME with
Upper-bound Concentrations) . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-248

Table 5-62 Total Hazard Indices for the Drinking Water User (RME with
Upper-bound Concentrations and Recent Mercury Data) . . . . . . 5-249

Table 5-63 Total Cancer Risks for the Local Resident (RME with Upper-bound
Concentrations) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-250

Table 5-64 Total Cancer Risks for the Local Resident (RME with Upper-bound
Concentrations) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-251

Table 5-65 Total Hazard Indices for the Local Resident (RME with Upper-
bound Concentrations and Recent Mercury Data) . . . . . . . . . . . . 5-252

Table 5-66 Total Cancer Risks for the Recreational Water User:  Swimmer
(RME with Upper-bound Concentrations) . . . . . . . . . . . . . . . . . . 5-253

Table 5-67 Total Hazard Indices for the Recreational Water User:  Swimmer
(RME with Upper-bound Concentrations) . . . . . . . . . . . . . . . . . . 5-254

Table 5-68 Total Cancer Risks for the Recreational Water User:  Wader (RME
with Upper-bound Concentrations) . . . . . . . . . . . . . . . . . . . . . . . 5-255



List of Tables

Table of Contents xxiii

Table 5-69 Total Hazard Indices for the recreational Water User:  Wader (RME
with Upper-bound Concentrations) . . . . . . . . . . . . . . . . . . . . . . . 5-256

Table 5-70 Total Cancer Risks for the Marine Construction Worker (RME with
Upper-bound Concentrations) . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-257

Table 5-71 Total Hazard Indices for the Marine Construction Worker (RME
with Upper-bound Concentrations) . . . . . . . . . . . . . . . . . . . . . . . 5-258

Table 5-72 Cancer Risks for the Lower Fox River and Green Bay . . . . . . . . . 5-259
Table 5-73 Hazard Indices for the Lower Fox River and Green Bay . . . . . . . . 5-260
Table 5-75 Fish Species with Fillet and Skin Tissue Samples for Total PCBs . 5-262
Table 5-76 Parameters in PCB Fish Concentration Reduction Models . . . . . 5-263
Table 5-77 Summary of Total PCB Concentrations in Fish Tissue Samples from

the Lower Fox River . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-264
Table 5-78 Summary of Total PCB Concentrations in Fish Tissue Samples from

Green Bay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-265
Table 5-79 PCB Concentrations in Skin-on Fillet Fish Samples from Lake

Winnebago . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-266
Table 5-80 Intake Assumptions and Toxicological Parameters for the

Recreational Angler . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-267
Table 5-81 Intake Assumptions and Toxicological Parameters for the

Subsistence Angler . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-268
Table 5-82 Cancer Risks by Lower Fox River Reach for the Recreational 

Angler . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-269
Table 5-83 Cancer Risks by Green Bay Zone for the Recreational Angler . . . 5-270
Table 5-84 Hazard Indices by Lower Fox River Reach for the Recreational

Angler . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-271
Table 5-85 Hazard Indices by Green Bay Zone for the Recreational Angler . . 5-272
Table 5-86 Cancer Risks by Lower Fox River for the Subsistence Angler . . . . 5-273
Table 5-87 Cancer Risks by Green Bay Zone for the Subsistence Angler . . . . 5-274
Table 5-88 Hazard Indices by Lower Fox River Reach for the Subsistence

Angler . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-275
Table 5-89 Hazard Indices by Green Bay Zone for the Subsistence Angler . . 5-276
Table 5-90 Risk-based Fish Concentrations for the Recreational Angler . . . . 5-277
Table 5-91 Risk-based Fish Concentrations for the Subsistence Angler . . . . . 5-278
Table 5-92 Intake Assumptions from the Great Lakes Sport Fish Advisory Task

Force . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-279
Table 5-93 Risk-based Fish Concentrations Using Assumptions in the Great

Lakes Sport Fish Advisory Task Force . . . . . . . . . . . . . . . . . . . . . 5-280
Table 5-94 Cancer Risks for the Lower Fox River and Green Bay . . . . . . . . . 5-281



List of Tables

xxiv Table of Contents

Table 5-95 Noncancer Hazard Indices for the Lower Fox River and Green   
Bay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-282

Table 5-96 Summary of Cancer Risks and Noncancer Hazard Indices for
Anglers Exposed to PCBs from Ingestion of Fish . . . . . . . . . . . . . 5-283

Table 5-97 Summary of Maximum Cancer Risks and Noncancer Hazard Indices
for Anglers Exposed to PCBS from Ingestion of Fish . . . . . . . . . . 5-284

Table 5-98 Risk-based Fish Concentrations . . . . . . . . . . . . . . . . . . . . . . . . . . 5-285
Table 6-1 Fate and Transport Properties of Chemicals of Concern . . . . . . . 6-128
Table 6-2 Assessment and Measurement Endpoints for the Ecological Risk

Assessment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-129
Table 6-3 Mink Exposure Parameters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-131
Table 6-4 Potential Ecotoxicological Effects from Chemicals Identified in the

Lower Fox River/Green Bay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-132
Table 6-5 Selected Values as Criteria or TRVs . . . . . . . . . . . . . . . . . . . . . . . 6-133
Table 6-7 Determination of Effects-based TRV for Piscivorous Bird Eggs of the

Lower Fox River and Green Bay (pg/g) . . . . . . . . . . . . . . . . . . . . . 6-136
Table 6-8 Surface Sediment Analytes in Lake Winnebago (Background) . . . 6-137
Table 6-9 Surface Water PCBs in the Lower Fox River and Green Bay . . . . 6-138
Table 6-10 Surface Sediment Analytes in Little Lake Butte des Morts to

Appleton Reach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-139
Table 6-11 PCB Congeners in Surface Sediment in Little Lake Butte des Morts

Reach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-140
Table 6-12 Little Lake Butte des Morts Reach Whole Fish Concentrations . . 6-141
Table 6-13 PCB Congeners in Whole Fish from Little Lake Butte des Morts

Reach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-142
Table 6-14 Little Lake Butte des Morts Reach Bird Tissue Concentrations . . 6-143
Table 6-15 PCB Congeners in Tree Swallows from Little Lake Butte des Morts

Reach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-144
Table 6-16 Surface Sediment Analytes in Appleton to Little Rapids Reach . . 6-145
Table 6-17 Appleton to Little Rapids Reach Whole Fish Concentrations . . . 6-146
Table 6-18 Appleton to Little Rapids Reach Bird Tissue Concentrations . . . . 6-147
Table 6-19 Surface Sediment Analytes in Little Rapids to De Pere Reach . . . 6-148
Table 6-20 PCB Congeners in Surface Sediment in Little Rapids to De Pere

Reach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-149
Table 6-21 Little Rapids to De Pere Reach Whole Fish Concentrations . . . . 6-150
Table 6-22 PCB Congeners in Whole Fish from Little Rapids to De Pere 

Reach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-151
Table 6-23 Surface Sediment Analytes at the De Pere to Green Bay Reach . . 6-152



List of Tables

Table of Contents xxv

Table 6-24 PCB Congeners in Surface Sediment in De Pere to Green Bay Reach
Measured in 1998 Supplemental Sampling . . . . . . . . . . . . . . . . . 6-153

Table 6-25 De Pere to Green Bay Reach Whole Fish Concentrations . . . . . . 6-154
Table 6-26 PCB Congeners in Whole Fish from De Pere to Green Bay Reach 6-156
Table 6-27 De Pere to Green Bay Reach Bird Tissue Concentrations . . . . . . 6-157
Table 6-28 Surface Sediment PCBs in Green Bay Zones . . . . . . . . . . . . . . . . 6-158
Table 6-29 Green Bay Whole Fish Concentrations . . . . . . . . . . . . . . . . . . . . 6-159
Table 6-30 PCB Congeners in Whole Fish from Green Bay . . . . . . . . . . . . . . 6-164
Table 6-31 Green Bay Bird Tissue Concentrations . . . . . . . . . . . . . . . . . . . . . 6-167
Table 6-32 Total PCBs and PCB Congeners in Birds from Kidney Island, Green

Bay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-169
Table 6-33 PCB Congeners in Birds from Green Bay . . . . . . . . . . . . . . . . . . . 6-170
Table 6-34 Hazard Quotients in Whole Fish from Little Lake Buttes des Morts

Reach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-171
Table 6-35 PCB and Dioxin/Furan Congener Hazard Quotients in Whole Fish

from Little Lake Butte des Morts Reach . . . . . . . . . . . . . . . . . . . . 6-172
Table 6-36 Hazard Quotients for Bird Tissues from Little Lake Butte des Morts

Reach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-173
Table 6-37 PCB Congener Hazard Quotients for Tree Swallow Eggs from Little

Lake Butte des Morts Reach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-174
Table 6-38 Total PCBs, Dioxins and Furans, and PCB Congener Hazard

Quotients for Mink Dietary Consumption from Little Lake Butte
des Morts Reach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-175

Table 6-39 Metals and Pesticides Hazard Quotients for Mink Dietary
Consumption from Little Lake Butte des Morts Reach . . . . . . . . 6-176

Table 6-40 Hazard Quotients in Whole Fish from Appleton to Little Rapids
Reach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-177

Table 6-41 Hazard Quotients for Bird Tissues from Appleton to Little Rapids
Reach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-178

Table 6-42 PCB Hazard Quotients for Mink Dietary Consumption from
Appleton to Little Rapids Reach . . . . . . . . . . . . . . . . . . . . . . . . . 6-179 1

Table 6-43 Hazard Quotients in Whole Fish from Little Rapids to De Pere
Reach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-180

Table 6-44 PCB and Dioxin/Furan Congener Hazard Quotients in Whole Fish
from Little Rapids to De Pere Reach . . . . . . . . . . . . . . . . . . . . . . 6-181

Table 6-45 Total PCBs, Dioxins and Furans, and PCB Congener Hazard
Quotients for Mink Dietary Consumption from Little Rapids to De
Pere Reach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-182



List of Tables

xxvi Table of Contents

Table 6-46 Metals and Pesticides Hazard Quotients for Mink dietary
Consumption from Little Rapids to De Pere Reach . . . . . . . . . . . 6-183

Table 6-47 Hazard Quotients in Whole Fish from De Pere to Green Bay 
Reach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-184

Table 6-48 PCB and Dioxin/Furan Congener Hazard Quotients in Whole Fish
from De Pere to Green Bay Reach . . . . . . . . . . . . . . . . . . . . . . . . 6-186

Table 6-49 Hazard Quotients for Bird Tissues from De Pere to Green Bay
Reach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-187

Table 6-50 Total PCBs, Dioxins and Furans, and PCB Congener Hazard
Quotients for Mink Dietary Consumption from De Pere to Green
Bay Reach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-188

Table 6-51 Metals and Pesticides Hazard Quotients for Mink Dietary
Consumption from De Pere to Green Bay Reach . . . . . . . . . . . . . 6-189

Table 6-52 Hazard Quotients in Whole Fish from Green Bay . . . . . . . . . . . . 6-190
Table 6-53 PCB and Dioxin/Furan Congener Hazard Quotients in Whole Fish

from Green Bay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-195
Table 6-54 Hazard Quotients for Total PCBs and PCB Congeners in Bird

Tissues from Kidney Island, Green Bay . . . . . . . . . . . . . . . . . . . . 6-198
Table 6-55 Rates of Deformities in Double-crested Cormorant and Caspian

Tern Eggs and PCB Concentrations in Green Bay . . . . . . . . . . . . 6-199
Table 6-56 Hazard Quotients in Bird Tissues from Green Bay . . . . . . . . . . . . 6-200
Table 6-57 Hazard Quotients for PCB Congeners in Bird Tissues from Green

Bay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-202
Table 6-58 Total PCBs, Dioxins and Furans, and PCB Congener Hazard

Quotients for Mink Dietary Consumption in Green Bay . . . . . . . 6-203
Table 6-59 Metals and Pesticides Hazard Quotients for Mink Dietary

Consumption in Green Bay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-204
Table 6-60 Little Lake Butte des Morts Reach - Summary of RME Hazard

Quotients . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-206
Table 6-61 Summary of BLRA Ecological Risk Assessment Results for Little

Lake Butte des Morts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-207
Table 6-62 Appleton to Little Rapids Reach - Summary of RME Hazard

Quotients . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-210
Table 6-63 Summary of BLRA Ecological Risk Assessment Results for Appleton

to Little Rapids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-211
Table 6-64 Little Rapids to De Pere Reach - Summary of RME Hazard

Quotients . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-213



List of Tables

Table of Contents xxvii

Table 6-65 Summary of BLRA Ecological Risk Assessment Results for Little
Rapids to De Pere Reach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-214

Table 6-66 De Pere to Green Bay Reach - Summary of RME Hazard 
Quotients . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-216

Table 6-67 Summary of BLRA Ecological Risk Assessment Results for De Pere
to Green Bay Reach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-217

Table 6-68 Green Bay Zone 2 - Summary of RME Hazard Quotients . . . . . . 6-220
Table 6-69 Green Bay Zone 3A - Summary of RME Hazard Quotients . . . . . 6-221
Table 6-70 Green Bay Zone 3B - Summary of RME Hazard Quotients . . . . . 6-222
Table 6-71 Summary of RME Hazard Quotients for Birds in Green Bay . . . . 6-223
Table 6-72 Summary of BLRA Ecological Risk Assessment Results for Green

Bay Zones 3A and 3B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-224
Table 7-1 Reach-specific and River-wide Total PCB Sediment-to-Water  Ratios

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-26
Table 7-2 References Reviewed for Potential Input Parameter to the Lower Fox

River Bioaccumulation Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-27
Table 7-3 Physical and Biological Parameters of the Lower Fox River

Bioaccumulation Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-28
Table 7-4 Lower Fox River Bioaccumulation Model Validation . . . . . . . . . . . 7-29
Table 7-5 PCB Sediment Quality Thresholds for the Protection of Human

Health . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-30
Table 7-6 Derivation of Bird Biomagnification Factors (BMFs) . . . . . . . . . . . 7-31
Table 7-7 PCB Sediment Quality Thresholds for the Protection of Ecological

Receptors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-32
Table 7-8 Derivation of a Site-wide PCB Sediment Quality Threshold for the

Protection of Human Health and the Environment . . . . . . . . . . . . 7-33



xxviii Table of Contents

List of Appendices

Appendix A Letter from Bruce Baker, Wisconsin Department of Natural Resources,
August 3, 1998

Appendix B Human Health Fate and Transport Models, Transport Factors and
Reduction Factors

B1 Fate and Transport Models and Transfer Factors
B2 Exposure Point Concentrations, Unit Cancer Risks, Unit Hazard Indices,

Cancer Risks and Hazard Indices for Different Receptors
B3 Concentrations of Lead in Surface Sediment, Surface Water, Fish Tissue,

and Waterfowl Tissue Samples

Appendix C Northern Green Bay BTAG Memorandum



List of Acronyms

Table of Contents xxix

Fg microgram
AOC area of concern
AOI area of interest
BLRA baseline risk assessment
BSAF biota to sediment accumulation factor
BTAG biological technical assistance group
C Custer
CERCLA Comprehensive Environmental Response, Compensation and Liability Act

of 1980 (the Superfund statute)
cm centimeter
COPC chemical of potential concern
DDD
DDE
DDT dichlorodiphenyltrichloroethane
EDR Environmental Data Resources, Inc.
EPA United States Environmental Protection Agency
g gram
GAS
GBMBS Green Bay Mass Balance Study
GLWQA Great Lakes Water Quality Agreement
Hg mercury
HHRA human health risk assessment
HQ hazard quotient
ID identification number
IJC International Joint Commission
K log soil/water partition coefficientd

kg kilogram
K log water/organic carbon partition coefficientoc

K log octanol/water partition coefficientow

L liter
LMP Lake Michigan Lake-wide Management Plan
LUST leaking underground storage tank
m square meter2

m cubic meter3

mg milligram
mm millimeter
NCP National Contingency Plan
ng nanogram
PAH polynuclear aromatic hydrocarbon



List of Acronyms

xxx Table of Contents

PCB polychlorinated biphenyl
pg picogram
ppm parts per million
RA risk assessment
RAP remedial action plan
RBSC risk-based screening concentration
RI/FS remedial investigation/feasibility study
ROD Record of Decision
SAIC Science Applications International Corporation
SEF sediment enrichment factor
SERA screening ecological risk assessment
SLRA screening level risk assessment
SMDP scientific/management decision point
SQG sediment quality guideline
SVOC semivolatile organic compound
TF sediment to fish transfer factorsed-fish

TF sediment to water transfer factorsed-wat

TF water to air transfer factorwat-air

TSCA Toxic Substances Control Act
USACE United States Army Corps of Engineers
USFWS United States Fish and Wildlife Service
UST underground storage tank
VOC volatile organic compound
WDNR Wisconsin Department of Natural Resources
WNHWL Wisconsin Natural Heritage Working List
WPSC Wisconsin Public Service Corporation
YOY young-of-the-year
yr year



Introduction 1-1

Introduction1
This document presents the results of the baseline risk assessment (BLRA) for
human health and ecological risk in the Lower Fox River and Green Bay,
Wisconsin.  The risk assessment (RA) is being undertaken as part of the Fox River
Remedial Investigation/Feasibility Study (RI/FS), and is intended to provide an
assessment of risks to human health and the environment that will support
selection of a remedy to eliminate, reduce, or control those risks.  The overall
programmatic goal is to develop an RI/FS report that is sufficient to support the
selection of an approach for site remediation, and then to use this data in a well-
supported Record of Decision (ROD).  The ROD defines the clean-up alternative
selected for the site.

The RI/FS is being conducted under contract to the Wisconsin Department of
Natural Resources (WDNR).  While this is a state-lead effort, the overall
assessment follows the procedures and paradigms developed as part of the
Comprehensive Environmental Response, Compensation and Liability Act
(CERCLA) and National Contingency Plan (NCP) (i.e., “The Superfund
Program”).  Specific procedures are addressed in relevant sections below.

In addition to the WDNR, this BLRA received review and comment from the
United States Environmental Protection Agency (EPA), United States Fish and
Wildlife Service (USFWS), the National Oceanic and Atmospheric
Administration (NOAA), and the Menominee and Oneida Nations.

1.1 Statement of the Problem
The area of concern (AOC) for this RA includes the Lower Fox River and the
Lower Green Bay estuary.  The Lower Fox River is 39 miles long and extends from
the outlet of Lake Winnebago, flowing north, to Green Bay (Figure 1-1).  The
AOC for Green Bay was defined by the EPA as beginning at the mouth of the
Lower Fox River and extending north approximately 27 miles.  However, for the
purposes of this RA, the lower Green Bay estuary will include all of Green Bay to
a line just south of Chambers Island.  Previous studies have demonstrated that
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Chambers Island defines a hydrologic boundary between the shallow, warm
southern bay, and the deeper and colder Lake Michigan-like conditions of the
north bay.  While risks to humans and aquatic-dependent receptors may occur
within the northern Green Bay, they are not the subject of this RA.  Risks in this
region are addressed as part of an Ecological Risk Assessment being conducted by
the U.S. Environmental Protection Agency.  A summary of the potential risks to
receptors in the north bay is presented in Appendix C.  The summary was
prepared and endorsed by the BTAG agencies.

The Lower Fox River is the most industrialized river in Wisconsin, and has had
reported water quality problems since the early 1900s over the entire river reach.
Beginning in the mid-1800s, forests were cleared for lumber and the cleared land
was converted to agriculture.  The runoff from farmlands increased the sediment
and nutrient loads to the River and Bay.  The expanding paper industries and
communities discharged increasing amounts of untreated sewage and industrial
wastes into the River and, ultimately, the Bay.  The Lower Fox River received
discharges from 15 pulp and/or paper mills, one electric generating facility, and
eight municipal wastewater treatment plants.  Green Bay’s ability to trap nutrients
hastened its degradation under the increasing loads of biological
oxygen-demanding wastes and suspended solids (Smith et al., 1988).  Until the
early 1970s, the extreme southern portion of Green Bay (including the 7 miles of
the Fox River downstream of the De Pere dam) was a shallow (1 to 5 m depth),
eutrophic water body which received virtually all of it’s nutrient loadings from the
Fox River and the metropolis of Green Bay.

In the early 1970s, polychlorinated biphenyls (PCBs) were discovered in
sediments and water in the 39-mile Lower Fox River.  PCBs were also detected in
many fish species and birds in the Lower Fox River and Green Bay.  Between
190,000 and 375,000 kg of PCBs have been released into the Lower Fox River
over the period from 1957 to 1992 (WDNR, 1998).

In 1976, the WDNR issued the first warnings regarding human consumption of
walleye, trout, salmon, white bass, white suckers, carp and catfish principally due
to elevated levels of PCBs.  Since 1976, WDNR has annually issued fish
consumption advisories for most fish in the Lower Fox River.  Additionally, a
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waterfowl consumption advisory exists for mallard ducks taken between Lake
Winnebago and the northeast limits of Kaukauna and within the Lower Fox
River/Green Bay AOC.

Extensive evaluations of PCB contamination in sediment, fish, and wildlife have
been conducted on the Lower Fox River and Green Bay by the WDNR, the EPA
and the USFWS.  These studies included measurement of concentrations in
sediments, surface water, fish, and avian species; fate and transport modeling of
PCBs; and evaluations of environmental impacts.

While, historically, the concerns on the Fox River have largely centered on PCBs,
other studies have identified additional chemicals that could pose risks to human
health and ecological receptors on the Fox River (Sullivan and Delfino, 1982).
For example, Sullivan and Delfino (1982) found more than 100 chemicals in
Lower Fox River sediments, water, and fish tissues.  More recent estimates list up
to 362 potentially toxic substances in the river and southern Green Bay (IJC,
1992; WDNR, 1993), including mercury, total polynuclear aromatic
hydrocarbons (PAHs) and ammonia.  Other contaminants found in specific
locations of the river and Green Bay include arsenic, chromium, copper, lead, zinc,
DDT, DDE, dieldrin, and pentachlorophenol (PCP).  Presently, of the potentially
toxic substances found, PCBs are considered to be the primary chemical of
potential concern (see Sections 3.1.2 and 3.2.2).  Adverse effects associated with
these substances can include altered benthic community structure and
reproductive impairments in fish-eating birds.

In order to focus the RI/FS process, a Screening Level Risk Assessment (SLRA)
was conducted to evaluate which chemicals in the Lower Fox River system posed
the greatest degree of risk to human and ecological receptors.  The SLRA for the
Lower Fox River and Green Bay evaluated the potential for human health and
ecological risks associated with contaminants in sediments, surface waters, and
biota.  Based upon those results (see Section 2, below), eight chemicals of
potential concern (COPCs) were identified by WDNR (letter from Bruce Baker,
August 3, 1998; Appendix A) for carrying forward into the BLRA.  These are:
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C PCBs (expressed as total, PCBs as Aroclor 1242, and PCB coplanar
congeners)

C 2,3,7,8-Tetrachloro-p-dibenzodioxin (TCDD )

C 2,3,7,8-Tetrachloro-p-dibenzofuran (TCDF )

C 4,4'-Dichlorodiphenyl trichloroethylene (DDT) and its metabolites
(DDE, DDD)

C Dieldrin

C Arsenic

C Lead

C Mercury

1.2 Objectives of the Baseline Risk Assessment
The BLRA for the Lower Fox River and Green Bay focuses on defining the current
(or baseline) human health and ecological risks associated with the COPC
identified in the SLRA.  The specific media of interest are the sediments, surface
waters, and biota in the Fox River from Lake Winnebago into the Lower Green
Bay estuary.  The BLRA will quantify the levels of risk and identify potentially
significant risks by distinguishing chemicals that pose the greatest potential for
risk from those that pose negligible risks.

The primary objectives of the BLRA are to:

C Define the Sources, Receptors and Pathways at Risk

< Define the sources of contaminant in the River
< Identify the critical fate and transport processes
< Define the human health and critical receptors potentially at risk
< Describe exposure pathways
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< Select assessment endpoints
< Develop a defensible conceptual model

C Identify the Extent of Exposure

< Critically evaluate all data and determine which points in
sediment, water, and tissues may be defensibly used for the
BLRA

< Using site-specific data, determine area-wide average
concentrations of COPCs

< Develop site-specific exposure scenarios to be used in the risk
estimations

C Determine the Extent and Likelihood of Actual or Potential Impacts

< Select how risks to human health and the environment will be
measured

< Evaluate toxicity values from literature and database sources
< Derive and defend levels of COPC in environmental media that

place receptors at risk
< Quantify the current level (baseline risk) to human health and

the environment

C Describe the Uncertainty Associated with the Characterized Risk

< Identify those assumptions and data gaps which may contribute
to the over/underestimation of risk

C Evaluate Risk-based Sediment Quality Thresholds for PCBs

< Determine PCB sediment concentrations that would not result
in accumulations to fish tissues at levels that exceed acceptable
human health risk levels(>10 )-5
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< Identify PCB sediment concentrations that would not result in
unacceptable risks to ecological receptors (e.g., NOEL, LOEL,
EC20, and EC30)

1.3 Geographic Boundaries of the Baseline Risk

Assessment
The Lower Fox River and Green Bay, Lake Michigan are located in northeastern
Wisconsin within the eastern ridges and lowlands of the state.  The Lower Fox
River is defined as the 39-mile segment of the River beginning at the mouth of
Lake Winnebago and terminating at the mouth of Green Bay (Figure 1-1).
Flowing north, the Fox River is the primary tributary that leads into lower
(southern) Green Bay.  The BLRA also includes lower Green Bay.

For the BLRA, the segments of the Fox River discussed in this report are as
follows:

C Little Lake Butte des Morts Reach:  the river segment from the outlet
of Lake Winnebago to the city of Appleton, including Little Lake Butte
des Morts (LLBdM)(Figure 1-2);

C Appleton to Little Rapids Reach:  the river segment from
approximately Appleton to Wrightstown (Figure 1-3);

C Little Rapids to De Pere Reach:  the section of the River from Little
Rapids to the De Pere dam (Figure 1-4);

C De Pere to Green Bay Reach:  the approximately 7 miles of river
downstream from De Pere to the mouth of Green Bay (Figure 1-5); and

C Green Bay:  that portion of lower Green Bay that has been defined as
the “Fox River depositional zone” (Manchester et al., 1996).  This zone
begins at the southern end of the bay, at the mouth of the Fox River,
and extends northward toward the eastern shore of the bay with a
maximum depositional zone located approximately 27 miles north of
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the mouth of the Fox River, but will include all of southern Green Bay
to approximately Chambers Island.

Within the comprehensive Green Bay Mass Balance Study (WDNR, 1995), the
bay was further evaluated in four zones (Figure 1-6).  Zone 1 corresponds to the
De Pere to Green Bay reach in this study.  Zone 2 was defined as the lower bay
area to a line transversing the bay at Long Tail Point.  Zone 3 runs north until
just below Chambers Island, and Zone 4 includes all of the northern bay,
including the islands marking the entrance to Lake Michigan.  All zones can be
considered as “east” and “west” segments based upon a line drawn from Chambers
Island to the mouth of the Fox River.  These conventions will be followed in the
RA.  Only zones 1 through 3 will be evaluated in this RA.

1.4 Organization of the Baseline Risk Assessment
The remainder of this BLRA is organized as follows:

C Section 2, Review of the Remedial Investigation, presents a summary
of the Remedial Investigation for the Lower Fox River that includes the
overall environmental setting, site description, previous studies,
contaminants known to exist at the site, and fate and transport
processes, as it relates to the BLRA.

C Section 3, Summary of the Screening Level Risk Assessment,

discusses the relevant pathways, receptors, and chemicals of potential
concern identified in the SLRA.

C Section 4, Sediment, Water and Tissue Chemistry Data, presents the
sources of analytical data, the compilation into a single database, and
an evaluation of the data quality for use in the BLRA

C Section 5, Human Health Risk Assessment, includes the conceptual
site model identifying potential sources of contaminants, migration and
exposure pathways for human receptors, and the relevant exposure
assumptions and risk calculations.
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C Section 6, Ecological Risk Assessment, includes the problem
formulation, description of the affected ecosystem, a conceptual site
model for the receptors on the Lower Fox River, selection of assessment
and measurement endpoints, characterization of exposure and of risk,
and a description of the uncertainties in the ecological BLRA.

C Section 7, Sediment Quality Thresholds, uses the risk levels identified
to human health and the environment to develop concentrations in
sediments that should not result in exceedances of these risk thresholds.

C Section 8, References, includes the literature, studies, Internet web
sites, and personal communications used to build the SLRA.



Na
tur

al
Re

so
ur

ce
Te

ch
no

log
y

E
TR

T
CE

HM
NE O

GI
LD

O
E

A I
N C

S
I

O I
N

LO
W

ER
 F

OX
 R

IV
ER

 R
EM

ED
IA

L I
NV

ES
TI

GA
TI

ON

PL
AT

E 
NU

MB
ER

:

Ba
ird

Si
te 

Lo
ca

tio
n

Tit
le

AP
PR

OV
ED

 B
Y:

CH
EC

KE
D 

BY
:

DR
AW

IN
G 

#:

PR
IN

T 
DA

TE
:

Ba
ird

$$
$ x

$

x

$ $
$

x

$
$

$
x

$

$
$

x

$

$
$

x

$

$$$

APPLETON

GREEN BAY

DE PERE

WRIGHTSTOWN

MENASHA

NEENAH

KAUKAUNA

Lake Winnebago

KIMBERLY Brown County
Manitowoc CountyCalumet County

Winnebago County

Outagamie County

5 0 5 10 15 Kilometers

5 0 5 10 Miles

N

EW

S

Civil Divisions
City
Township
Village

Fox River Outline
Water

Roads - from Census Bureau TIGER files
Dam Location

Historical or Current Point Source Discharge
$ Industrial
# Municipal

FI
GU

RE
 1-

1
LO

W
ER

 F
OX

 R
IV

ER
 S

TU
DY

 A
RE

A
SM

W

2/1
7/9

9
FI

GU
RE

 1-
1

LO
W

ER
 F

OX
 R

IV
ER

 S
TU

DY
 A

RE
A



Natural
Resource
TechnologyET

R T
C

E
H
M

N
E

O G
I

L
D

O E
A
I

N
CS

I O
I N

LOWER FOX RIVER REMEDIAL INVESTIGATION

PLATE NUMBER:

Baird Site Location

Title

APPROVED BY:

CHECKED BY:

DRAWING #:

PRINT DATE:

SMW
2/2/99Baird

$$

$

#

$

#

$

$

$ $

Upper Appleton Dam

Menasha Dam

Neenah Dam

#

Grand Chute-Menasha West WWTP

#

American Tissue Mills

#

Wisconsin Tissue Mills

#

American Can - Canal Plant

#

James River - Dixie Northern (Status unknown)#

U.S. Paper Mills Corporation - Menasha Division

#

P.H. Glatfelter

#

Kimberly Clark/Neenah Paper- Badger Globe

#

Neenah-Menasha WWTP

Deposit E

Deposit F

Deposit G

Deposit H

Deposit POG

Deposit D

Deposit C

Deposit B

Deposit A

Fox River Outline
Water

Roads - from Census Bureau TIGER files
Dam Locations

Point Source Locations
$ Industrial
# Municipal

Deposit Outline - Mass Balance Study N

EW

S

1 0 1 Miles

1 0 1 Kilometers

FIGURE 1-2
LITTLE LAKE BUTTE DES MORTS REACH



Na
tur

al
Re

so
ur

ce
Te

ch
no

log
y

E
TR

T
CE

HM
NE O

GI
LD

O
E

A I
N C

S
I

O I
N

LO
W

ER
 F

OX
 R

IV
ER

 R
EM

ED
IA

L I
NV

ES
TI

GA
TI

ON

PL
AT

E 
NU

MB
ER

:

Ba
ird

Si
te 

Lo
ca

tio
n

Tit
le

AP
PR

OV
ED

 B
Y:

CH
EC

KE
D 

BY
:

DR
AW

IN
G 

#:

PR
IN

T 
DA

TE
:

FI
GU

RE
 1-

1. 
 LO

W
ER

 F
OX

 R
IV

ER
 S

TU
DY

 A
RE

A
SM

W

2/3
/99

Ba
ird

$ $
$

#

$

$

$

#

$Little Rapids Dam

Upper Appleton Dam

#

International Paper Corporation - Thilmany Division
#

Heart of the Valley WWTP

#

Appleton Papers - Locks Mill

#

Consolidated Paper - Interlake Paper, Inc.
#

Riverside Paper Corporation - Kerwin Paper Division

#

Consolidated Paper (no longer operating)

#

Appleton WWTP

#

Charmin - Little Rapids Mill (no longer operating)

#

Kimberly Clark - Atlas Mill (Status unknown)

sit G

Deposit DD

Deposit CC

Deposit BB

Deposit AA

Deposit Z

Deposit Y

Deposit W

Deposit X

Deposit V

Deposit U

Deposit T

Deposit S

Deposit RDeposit Q

Deposit PDeposit O

Deposit N
Deposit M

Deposit LDeposit J

Deposit K

Deposit I

1 0 1 2 Kilometers

1 0 1 2 Miles

N

EW

S

FI
GU

RE
 1-

3
AP

PL
ET

ON
 T

O 
LI

TT
LE

 R
AP

ID
S 

RE
AC

H

Fox River Outline
Water

Roads - from Census Bureau TIGER files
Dam Locations

Point Source Locations
$ Industrial
# Municipal

Deposit Outline - Mass Balance Study



1 0 1 Kilometers

1 0 1 Miles

N

EW

SFox River Outline
Water

Roads - from Census Bureau TIGER files
Dam Locations

Point Source Locations
$ Industrial
# Municipal

Deposit Outline - Mass Balance Study

$

$

De Pere Dam

Little Rapids Dam

Deposit EE

#

Deposit GG

#

Deposit HH

#

Deposit FF

Natural
Resource
TechnologyET

R T
C

E
H
M

N
E

O G
I

L
D

O E
A
I

N
CS

I O
I N

LOWER FOX RIVER REMEDIAL INVESTIGATION

PLATE NUMBER:

Baird Site Location

Title

APPROVED BY:

CHECKED BY:

DRAWING #:

PRINT DATE:

SMW
2/15/99Baird FIGURE 1-4

LITTLE RAPIDS TO DE PERE



N

EW

S

0.5 0 0.5 1 Miles

0.5 0 0.5 1 1.5 Kilometers

Na
tur

al
Re

so
ur

ce
Te

ch
no

log
y

E
TR

T
CE

HM
NE O

GI
LD

O
E

A I
N C

S
I

O I
N

LO
W

ER
 F

OX
 R

IV
ER

 R
EM

ED
IA

L I
NV

ES
TI

GA
TI

ON

PL
AT

E 
NU

MB
ER

:

Ba
ird

Si
te 

Lo
ca

tio
n

Tit
le

AP
PR

OV
ED

 B
Y:

CH
EC

KE
D 

BY
:

DR
AW

IN
G 

#:

PR
IN

T 
DA

TE
:

FI
GU

RE
 1-

1. 
 LO

W
ER

 F
OX

 R
IV

ER
 S

TU
DY

 A
RE

A
SM

W

2/3
/99

Ba
ird

FI
GU

RE
 1-

5
DE

 P
ER

E 
TO

 G
RE

EN
 B

AY
 R

EA
CH

$

$

#

$

$

$

#

$

#

U.S. Paper Mills Corporation - De Pere Division

#

International Paper Corporation - Nicolet Paper Division

#

Fort James Corporation - Green Bay West Mill

# Green Bay Packaging Inc.
#

Fort James Corporation - Green Bay East Mill

#

Procter & Gamble Paper Products Co.

#

De Pere WWTP

De Pere Dam

#

Green Bay Metropolitan Sewerage Dist. WWTP

# SMU Group 20-25

#

SMU Group 26-31

#

SMU Group 32-37

#

SMU Group 38-43

#

SMU Group 44-49

#

SMU Group 50-55

#

SMU Group 56-61

# SMU Group 62-67

# SMU Group 68-73

#SMU Group 110-115

#SMU Group 104-109

#SMU Group 98-103

#
SMU Group 92-97

#
SMU Group 86-91

#SMU Group 80-85

#

SMU Group 74-79

Fox River Outline
Water

Roads - from Census Bureau TIGER files
Dam Locations

Point Source Locations
$ Industrial
# Municipal

Deposit Outline - Mass Balance Study
Sediment Management Unit (SMU) Group Outline





Summary of the Remedial Investigation 2-1

Summary of the Remedial2Investigation

This section summarizes the relevant hydrological, physical, and biological
characteristics of the Lower Fox River.  Much of the information presented in this
section is presented in more detail in the Remedial Investigation for the Lower Fox
River (ThermoRetec/NRT, 1999).  This is not intended to be a complete
description of the system, nor sources of contaminants; but rather describes the
elements of the system that are pertinent to the BLRA.

Section 2 is intended to describe features that are common and relevant to both
the human health and ecological risk assessment.  Section 2.1 describes the
environmental setting, including conditions in each segment of the Lower Fox
River and Green Bay.  Section 2.2 describes the historical setting, relevant to
contaminants currently found in the Lower Fox River and Green Bay.  Section 2.3
discusses current land use in the Fox River valley and Green Bay; although,
specifics pertaining to human health and ecological resources are presented in
Sections 5 and 6, respectively.  Section 2.4 summarizes the sources of
contaminants, specifically the distribution of contaminants in the sediments
within each of the river segments.  Section 2.5 discusses contaminant transport
processes relative to exposure pathways for contaminant migration and uptake.
Finally, Section 2.6 summarizes contaminant distribution within the sediments
and changes in fish tissue concentrations of total PCBs over time.

2.1 Environmental Setting
The Lower Fox River and Green Bay, Lake Michigan are located in northeastern
Wisconsin within the eastern ridges and lowlands of the state.  The Lower Fox
River flows northeast from Lake Winnebago, the largest inland lake in Wisconsin,
discharging into Lower Green Bay.  The Fox River is the primary tributary to
lower (southern) Green Bay.  The Lower Fox River extends approximately 63 km
(39 miles) from Lake Winnebago to Green Bay, draining approximately 15,806
square kilometers (km ) (6,330 square miles [mi ]) (USGS, 1998) with a total2 2
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elevation change of approximately 51 meters (168 feet) (United States Army
Corps of Engineers [USACE], 1998).

The river, which was once navigable between Lake Winnebago and Green Bay, is
now impounded by 12 dams and 17 locks.  The river is still navigable to
recreational boats, but the Rapide Croche lock is permanently closed to restrict
sea lamprey migration.  The upstream reach of the Lower Fox River is bounded
by two dams in the cities of Neenah and Menasha that control the pool elevation
of Lake Winnebago and restrict river discharge.

The Lower Fox River is relatively narrow, generally less than 1,000 feet wide over
much of its length, and ranging up to approximately 20 feet deep in some areas.
Where the river widens significantly, the depth of the river generally decreases to
less than 10 feet deep and, in the case of Little Lake Butte des Morts, water
depths range between 2 and 5 deep, except in the main channel.  In general,
however, the main channel of the river ranges from approximately 6 to 20 feet
deep.  Individual segments are described below.

Within the river segments, contaminated sediments have been defined in specific
deposits (labeled A through Z, and AA through HH above the De Pere Dam) or
sediment management units (called “SMU,” below the De Pere Dam) (see Figures
1-2 through 1-5).

2.1.1 Little Lake Butte des Morts Reach
The Little Lake Butte des Morts reach is a generally shallow (<6 feet)
depositional area.  At the southern end of the lake, near sediment deposits A and
B, the water depth is less than 4 feet.  The main flow channel, which starts near
the edge of sediment Deposit C, is approximately 8 feet deep on the south end
and increases to approximately 19 feet deep near the outflow of the lake.
Downstream of Deposit E, the water depth in the main channel ranges between
6 and 11 feet, with depths between 2 and 4 feet along the banks of the river.
Overall, Little Lake Butte des Morts has conditions which promote sediment
deposition.  Deposition of fine-grained sediments (silts/clays) occurs in the
relatively low-velocity water between the Menasha and Appleton Upper dams,
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with large areas of deposits A, C, E, and F having sediments exceeding 3.5 feet
thick.

2.1.2 Appleton to Little Rapids Reach
The Appleton to Little Rapids reach is approximately 9.5 miles long, and is
marked by relatively higher river velocities, resulting in more effective scouring of
the soft sediments characteristic of the other segments.  Sediment deposition
occurs either where the river widens and flow velocities decrease (e.g., deposits W
and X have accumulated in an area where the river width increases approximately
threefold (2,100 feet wide), or behind locks and dams (e.g., Deposit N).  Water
depth in the main channel ranges between 6 and 10 feet throughout much of the
Appleton to Little Rapids reach.  This segment of the river is marked by sections
of the river with varied widths and, as such, the river depth decreases to as little
as 1 foot (just downstream of Kaukauna).  Near the Rapide Croche dam, the river
depth increases to as great as 16 feet in the main channel.

2.1.3 Little Rapids to De Pere Reach
In the Little Rapids to De Pere reach, between the Rapide Croche and Little
Kaukauna dams, the river is generally narrow and main channel water depths are
usually between 8 to 12 feet.  Between the Little Kaukauna and De Pere dams,
the main channel water depth is usually greater than 9 feet and increases to 18
feet approaching the De Pere dam.  Along the banks of the river, the depth is
generally less than 6 feet deep throughout this segment.

Deposition within this segment is strongly influenced by the presence of the De
Pere dam.  Deposit EE is the largest deposit in the upper segment of the Lower
Fox River, covering a distance of approximately 8.6 km (5.4 miles), with a surface
area of 2,822,465 m  (30,365,200 ft ).  Measurements indicate that up to 3.282 2

meters (10.76 feet) of sediment has accumulated in this stretch of the river.

The sediment thickness of five deposits within this segment (DD through HH)
exceed 2.25 m (7.38 feet), confirming the depositional characteristic of this
segment of the river.
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2.1.4 De Pere to Green Bay Reach
Between the De Pere Dam to the river’s mouth, the Lower Fox River is a large,
turbid, channelized stream which is stabilized along much of this stretch with
either riprap or concrete reinforcement.  The river is flanked by urban and
industrial development in this area.  Navigation for ocean bound vessels extends
from Green Bay, upriver approximately 4.8 km (3 miles) to the Fort James Paper
Company (formerly Fort Howard) turning basin via a shipping channel
maintained to a water depth of approximately 7.3 meters (24 feet).

Water flow in the De Pere to Green Bay reach is generally slow due to low
gradient and low flow velocities.  At certain times of the year, the river flow may
be reversed due to high pressure and wind-driven currents off of Green Bay and
a small lunar tide.  At these times, flow is out of Green Bay into the river.  These
conditions combine to create a highly depositional environment within the De
Pere to Green Bay reach.

Water depths in the De Pere to Green Bay reach range between 6 and 24 feet
deep in the main channel.  The lower 3 miles of this segment are dredged by the
USACE in order to maintain a navigation channel.  Prior to 1982, the navigation
channel was maintained from the mouth of the river to the De Pere dam; but
since 1982, this upper portion of the channel has been maintained to only a
depth of 6 feet.  Between the De Pere and the Fort James-West turning basin, the
depth of water is less than 6 feet outside of the navigation channel.  Below the
Fort James-West turning basin, the river narrows so that the navigation channel
almost encompasses the entire width of the river.

According to USACE records (Appendix D of the RI), dredging activities in this
reach and just downstream of the mouth of the river have removed 11.86 million
m  (15.54 million cy) of sediment between 1957 and 1997.  USACE records3

indicated that between 1957 and 1965, the sediments were disposed of in Green
Bay at locations without any containment.  After 1965, most dredged sediments
were disposed of at one of two contained disposal facilities (CDFs); the Bay Port
facility was used beginning in 1965 and the Renard Island (also known as Kidney
Island) CDF after it opened in 1979.
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2.1.5 Green Bay
Green Bay, Lake Michigan begins at the mouth of the Lower Fox River and
extends north approximately 119 miles to Big Bay de Noc.  Green Bay is fairly
shallow, with a mean depth of 65 feet and is 10 miles wide.  The deepest part of
the Bay is 176 feet and is found 4 miles west of Washington Island (GAS/SAIC,
1996).  The hydrography of southern and northern Green Bay are distinct:
Chambers Island roughly delineates between the shallow, warmer inner bay, and
the deeper, Lake Michigan-like outer bay.  Green Bay is connected to Lake
Michigan on the Bay’s northeast edge.  There is no submarine sill between Lake
Michigan and Green Bay, yet Rock Island, Washington Island, and St. Martin’s
Islands do act to separate Lake Michigan from Green Bay.

Green Bay drains approximately 40,000 km  (15,625 mi ).  This represents2 2

approximately one-third of the total drainage of Lake Michigan.  Both Wisconsin
and Michigan contribute to the drainage into Green Bay, with Wisconsin regions
contributing two-thirds and the Upper Peninsula of Michigan contributing one-
third.  As stated, the Fox River is the primary tributary to Green Bay based on
volume of discharge, length, and drainage area.  Additionally, however, 10 other
rivers and streams drain into Green Bay.  After the Fox River, the rivers
Menominee, Escanaba, Peshtigo, and Oconto contribute the most to drainage into
Green Bay.  These rivers, and other tributaries (e.g., Duck Creek, Suiaco River)
are also important fishing sites for both recreational and Native American
fishermen.

2.2 Site History
The Fox River valley has long been home to many different Native Americans
before European settlers arrived.  In the late 1600s, Europeans had entered the
region and used the river system for fur trading and as a route for exploration and
transportation.  Early settlements in the area included Fort Howard, which
eventually became the city of Green Bay.  By the early 1800s, timber, agricultural,
fishing and fur trading, and other commercial activities were either well
established or beginning to be developed.  Industries developed rapidly in the Fox
River Valley due to the availability of water from Lake Winnebago, the Fox River,
and Green Bay.  Beginning in about 1820, lumber and flour industries came to
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the Valley.  The flour industry peaked in 1850, at which time flour mills were
converted to pulp and paper mills.  The earliest paper mill in Outagamie County
was established in Appleton in 1853.  Fourteen hydropower sites were located
along the Fox River from Green Bay to Lake Winnebago.  Today, industries and
municipalities use the river for waste assimilation, industrial processing, cooling
water, and power generation, while individuals use the river for food and
recreation (WDNR, 1995).

Paper mills began operations along the Lower Fox River between 1850 and 1900
(Persson et al., 1988).  Currently, the Lower Fox River from Lake Winnebago to
Green Bay has the greatest concentration of pulp and paper mills in the world
(Allen et al., 1987).  In 1987 there were 14 pulp and paper mills and five
municipal wastewater treatment facilities between Little Lake Butte des Morts and
the mouth of the Fox River at Green Bay (Allen et al., 1987).

Water quality degradation in the Lower Fox River has occurred over an extended
period of time, largely beginning in the mid-1800s and continuing through the
mid-1900s.  By the mid-1800s, the Green Bay region experienced rapid growth
(Smith et al., 1988).  During this period, the fish and water of Green Bay, along
with the timber and land of the region, faced increased pressure from exploitation
of the local resources.  During the latter half of the 1800s, the regional forests
were cut to feed the saw mills of the Lower Fox River and the lumber markets in
the lower Midwest.  The previously forested land was converted to agriculture,
and runoff from the surrounding farmlands and deforested areas added
significantly to the nutrient and sediment loads of the Lower Fox River and Green
Bay (Smith et al., 1988).

In addition to these nutrient and sediment loads, the introduction of untreated
municipal sewage and industrial wastes also significantly contributed to the
decline of the Lower Fox River and Green Bay water quality.  The Lower Fox
River saw and paper mills discharged saw dust and other fibrous material as well
as waste sulfite liquors (chemical residues of the pulping operations).  The saw
dust and fibrous material formed large mats which floated on the water surface.
In Green Bay, these mats reportedly covered several square kilometers of the
water surface (Smith et al., 1988).  The waste sulfite liquors and other industrial
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waste discharges severely lowered dissolved oxygen (DO) levels in the river and
bay.  This resulted in widespread fish die-offs in the 1920s and 1930s, and low
oxygen conditions extended into Green Bay as far as 30 km (19 miles) north of
the mouth of the Fox River.

During the late 1800s, a strong commercial fishing industry had been established
in the Green Bay area.  However, due to pollution and the introduction of exotic
species in Green Bay, several of the bays most prized fisheries disappeared.  These
included lake sturgeon, herring, and lake trout.  Additionally, the yellow perch
populations, which had been the mainstay of the local commercial fishing
industry, declined significantly during this time period.  In 1943, approximately
1.08 million kg (2.4 million pounds) of yellow perch were caught; by 1966 the
catch had declined to 73,480 kg (162,000 pounds), a decrease of more than 90
percent (Smith et al., 1988).  Although pollution levels have decreased, the
introduction of exotic species into Green Bay continues to disrupt commercial
fishing.

In 1938 and 1939, a Pollution Survey of Green Bay and the Lower Fox River (De
Pere to Green Bay reach) was completed by the Wisconsin State Committee on
Water Pollution, the Wisconsin State Board of Health, and the Green Bay
Metropolitan Sewerage District (GBMSD).  The pollution survey was conducted
due to the fish die-offs reported by local fishermen in Green Bay and other
nuisance concerns.  A similar survey of the Lower Fox River in 1925–26 had
found that “intolerable conditions existed for aquatic life during the critical
summer months from below Wrightstown to Green Bay.”  The conditions were
found to be associated with lower dissolved oxygen conditions as a result of the
discharge of waste sulfur liquors.

The degraded conditions of the Lower Fox River and Green Bay continued into
the 1940s and 1950s.  Due to high levels of fecal coliform bacteria, resulting from
discharge of untreated municipal sewage, Green Bay’s public swimming beach was
permanently closed to swimming in 1943.  Due to a declining water table and
groundwater supplies, and the pollution in the Lower Fox River and Green Bay,
the City of Green Bay built a water supply pipeline in 1955 to bring Lake
Michigan water from approximately 4 miles offshore of the city of Dewaunee.
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The historical discharges of municipal, industrial, and agricultural entities located
within the Lower Fox River watershed occurred during an era of little
environmental regulation and knowledge of the fate and effects of chemicals in
the environment.  As a result, numerous compounds can be detected in the
sediments and water, as well as the aquatic and wildlife species within, or
frequenting, the river.  More than 100 potentially toxic substances have been
found in Lower Fox River sediments, water, and fish tissue (Sullivan and Delfino,
1982).  These parameters in the river and southern Green Bay have more recently
been estimated to include over 360 potentially toxic substances (IJC, 1992;
WDNR, 1993), including PCB, mercury, polynuclear aromatic hydrocarbons
(PAHs) and ammonia.  Other contaminants found in some, but not all, deposits
include the pesticides DDT, p,p’-dichlorodiphenyldichloroethylene (DDE), and
p,p’-dichlorodiphenyldichloroethane (DDD), and pentachlorophenol.

During the 1950s, 60s, and 70s, many industries throughout the United States
used and produced products which contained PCB.  In the early 1950s, National
Cash Register (NCR) developed carbonless copy paper for office and business use.
This paper used a coating of PCB emulsion which when struck or pressed released
oils containing PCBs to produce the document copy.  In 1954, local paper mills
in the Fox River Valley began manufacturing carbonless copy paper and PCBs
were released to the environment through process wastewaters and through the
de-inking and recycling of waste carbonless paper.  Aroclor 1242 was the PCB
mixture used in the emulsion applied to the manufacture of carbonless copy paper
and approximately 30 million pounds of this emulsion were reportedly used in the
Fox Valley between about 1954 and 1971 (WDNR, 1998).  Additionally, the use
of PCBs was unregulated and the potential health effects were unknown during
this time period.

The use of PCBs in carbonless paper manufacturing began in 1954 and ceased in
1971; however, recycling of the carbonless copy paper may have continued for a
short time thereafter.  It is estimated that by the end of 1971, over 98 percent of
the PCB present within the Lower Fox River had been discharged, a portion of
which settled into the river sediments (Fitzgerald and Steuer, 1996; WDNR
1998).
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An estimated 190,000 kg to 375,000 kg (418,000 to 825,000 pounds) of PCB
were released into the Fox River between 1954 and the present (WDNR, 1998).
PCBs from sediment deposits are discharged into Green Bay at the mouth of the
Lower Fox River through sediment transport and PCB dissolution in the water
column.  Sediments are the most significant source of PCBs entering the water
column (Fitzgerald and Steuer, 1996) and over 95 percent of the PCB load into
Green Bay is derived from the Lower Fox River (WDNR, 1998).  It is estimated
that approximately 72,500 kg (160,000 pounds) of PCBs have already escaped
the Lower Fox River into Green Bay and Lake Michigan (EPA, 1998).  In
addition, up to 280 kg (620 pounds) of PCBs are estimated to be transported
from the Fox River into Green Bay annually (Velleux and Endicott, 1994).

In addition to the river sediments and water, PCBs have also been detected in
many fish and birds species in the Lower Fox River and Green Bay.  Evaluation
of PCB contamination in sediment, fish, and wildlife has been conducted by the
WDNR, EPA, and USFWS.  Due to bioaccumulation of PCBs in fish and fish-
eating predators, consumption advisories have been in place since at least 1976.
Therefore, eliminating sediments as a source of PCBs was established as a high
priority (WDNR, 1988).  Other significant sources of river degradation include
deposition of airborne pollutants, especially mercury, and polluted runoff (EPA,
1998).

During the 1970s, bans were placed on the use of DDT, PCBs and dieldrin (EPA,
1989b).  Since 1976, the WDNR has issued human fish consumption warnings
within the Lower Green Bay and Fox River AOC for walleye, trout, salmon, white
bass, white suckers, carp, and catfish.  There is also a waterfowl advisory for the
consumption of mallard ducks taken between Lake Winnebago and Green Bay.

2.3 Current Land Use
The Lower Fox River valley is the second largest urbanized region in the state of
Wisconsin and supports a population of approximately 375,000, about 7 to 8
percent of the state’s population.  The Fox River Valley, especially in the
Appleton and Neenah-Menasha area, may still contain the largest concentration
of pulp and paper industries in the world (20 mills in approximately 37 miles).
The paper industry remains active within the valley and plays a vital role in the
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local and state economy.  Between 1991 and 1996, an average of 101 pulp, paper,
and converting firms employed 26,716 people.  Other industries important to the
region include metal working, printing, food and beverages, textiles, leather goods,
wood products, and chemicals.  In addition to heavy industrial land use, the
region also supports a mixture of agricultural, residential, light industrial,
conservancy, and wetland areas.

2.4 Sources of Contaminants
Sources of contaminants in the Lower Fox River and Green Bay have been
previously detailed in several documents (Allen et al., 1987; GAS/SAIC, 1996;
WDNR, 1995), and are addressed in Section 4 of the Remedial Investigation.
This section provides a brief synopsis of those documents.

Potential sources of the detected compounds in the Lower Fox River include both
point and non-point sources.  Point sources are direct discharges or emissions
from a discrete sources, such as an outfall pipe, landfill, or spill.  The chemical
sources that are not specifically characterized which may encompass numerous
individual discharges or emissions are non-point sources.  Examples of non-point
sources include agricultural and urban storm runoff as well as automobile
emissions.  Each of these types of sources contribute to the compounds found in
the Lower Fox River sediments.

2.4.1 Point Sources
The watershed area draining into the Lower Fox River is locally urbanized,
particularly in areas adjacent to the river.  Point sources of pollution within these
urbanized areas include industries and municipalities which discharge directly into
the Lower Fox River as well as releases from chemical spills, leaking underground
storage tanks (LUSTs), and landfills.

Since the early 1970s, discharges to surface water require Wisconsin Pollutant
Discharge Elimination System (WPDES) permits issued by the WDNR.  The
permit records indicate there are 44 major industrial and municipal WPDES
dischargers in Brown, Outagamie, and Winnebago Counties.  In 1990, there were
21 outfalls which discharged over 1 million gallons per day (MGD) to the Lower
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Fox River.  The total discharge from these 21 outfalls was approximately 109
MGD.

Current major industrial/municipal discharges (exceeding 1 MGD) along each
reach of the Lower Fox River include the following:

C Little Lake Butte des Morts Reach.  Badger Paper Mills; P. H.
Glatfelter; Menasha Electric and Water Utility; Neenah/Menasha
WWTP; Kimberly-Clark Neenah/Badger Globe; U.S. Paper Mills; and
Wisconsin Tissue mills (Figure 1-2).

C Appleton to Little Rapids Reach.  Appleton Papers; Appleton
Wastewater Treatment Plant (WWTP); Riverside Paper; International
Paper-Thilmany Division; Interlake Papers; Appleton Paper; Heart of
the Valley WWTP, and the Village of Wrightstown Sewer and Water
Utility (Figure 1-3).

C Little Rapids to De Pere Reach.  None.

C De Pere to Green Bay Reach.  Nicolet Paper; Fort James; Procter &
Gamble Paper; James River; Green Bay Packaging; U.S. Paper Mills; De
Pere WWTP; and Green Bay Metropolitan Sewerage District
(GBMSD) (Figure 1-5).

Historically, specific discharges were identified as the main source for some of the
chemical parameters detected in the Lower Fox River.  WDNR completed a study
to evaluate the source of PCBs in the Lower Fox River.  Although numerous
contributors were recognized, seven entities ultimately were identified which are
believed to have contributed over 98 percent of the PCBs discharged into the
Lower Fox River between 1954 and 1971 (WDNR, 1998).  These include:  P H.
Glatfelter Co. and the associated Arrowhead Park Site; Appleton Papers-Coating
Mill; Appleton Papers-Locks Mill; Wisconsin Tissue; Fort James-Green Bay West
(formerly Fort Howard); and the Appleton and Neenah/Menasha WWTPs, which
accepted process water discharged from some of the entities listed above.
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Similarly, elevated levels of mercury identified in Fox River sediments have been
attributed to mercuric slimicides (phenyl mercuric acetate) in paper
manufacturing.  This practice was discontinued in 1971 (Konrad, 1971).
Sediments from above the Kaukauna Dam to Green Bay were studied in 1960
which revealed elevated concentrations of mercury in river sediments.  A number
of studies completed in the late 1980s and 1990s to evaluate mercury
concentrations in sediments and the water column indicated that mercury
concentrations remained elevated more than 20 years after mercury use was
discontinued.  The studies are summarized in the WDNR Triad Assessment
Report (1996).

Overall, pollutant loading of PCBs and many other chemicals have been reduced
by at least 85 percent since the 1970s, when effluent limits were imposed on
facilities discharging more than 1 million gallons of wastewater per day.  The
discharge limits for many of the parameters discussed in this section, including the
seven compounds of potential concern identified in the Screening Level Risk
Assessment, as listed in Chapter NR 105 “Surface Water Quality Criteria and
Secondary Values for Toxic Substances” of the Wisconsin Administrative Code
(W.A.C.).  The compounds of potential concern include PCBs, dioxin/furans,
DDT, dieldrin, mercury, lead, and arsenic.  Although PCBs have not been used
in the Fox River Valley in over 20 years, they are still detected in discharge at very
low levels from previous point sources due to their ubiquitous nature and general
persistence in the environment (WDNR, 1998).  WDNR has estimated that
current PCB discharge levels range from 3 to 5 kg annually and that there is little
that can be done to reduce these sources further (Velleux and Endicott, 1994;
WDNR, 1998).

Few identifiable point sources exist for the other compounds of potential concern
in the Lower Fox River.  Dioxin is not a manufactured compound; rather it is a
byproduct of various chlorinated organic compounds, such as PCBs.  Therefore,
it is often associated with PCBs, but can also result from other sources.  The
pesticides DDT and dieldrin had widespread use in agriculture, but there is no
point source associated with these compounds.  Similarly, the metals lead and
arsenic had widespread uses, but are not associated with any specific point
sources.
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There are 17 closed municipal and industrial landfills that lie within a quarter
mile of the Lower Fox River (EDR, 1995).  Sixteen of these landfills are located
below the De Pere Dam in the Lower Green Bay AOC; the other is the former
P. H. Glatfelter-Arrowhead Park Landfill (Arrowhead Park Site) at the southern
end of Little Lake Butte des Morts.  This site was identified by WDNR (1998)
as one of the potential PCB contributors.  Three of these landfills, along with the
Arrowhead Park Site, were studied during the Green Bay Mass Balance
Groundwater Monitoring Study (WDNR, 1990 and 1992) for potential
contributions of lead, cadmium, dieldrin, and PCBs to the Lower Fox River, and
eventually Green Bay.  These studies concluded that groundwater migration from
these landfills does not adversely impact surface water bodies adjacent to these
waste sites, especially with respect to lead, cadmium, or PCBs (Stohl and
Erdmann, 1990 and 1992).  The total PCB load from the Arrowhead Park Site
is estimated not to exceed 12.8 grams per year (g/year).  The PCB load from the
other 16 former municipal/industrial landfills located within the Green Bay city
limits is estimated to range from 0.005 to 0.02 g/year, indicating that these would
not likely contribute more than 1 gram of PCBs annually, combined (Stohl and
Erdmann, 1990 and 1992).  Therefore, the estimated daily PCB loads to
groundwater from the Arrowhead Park Site (0.035 g/day, Stohl and Erdmann,
1992) is minimal compared to the lowest winter daily PCB loading of 30 to 100
g/day as estimated from concentration data measured in the Fox River below the
De Pere Dam (Steuer, 1990; WDNR, 1995).

Spills include surface releases of chemicals as well as leakage from underground
storage tanks, pipelines and other structures.  Spills of substances reported to
WDNR include used motor oil, diesel and gasoline fuel, ammonia, and numerous
industrial chemicals.  From 1987 to 1991, there were 437 spills reported in the
Fox River Basin and a response action was taken on 262 incidents.  In 1992, there
were 170 active cleanup cases for spills or leaking underground storage tanks
related to non-petroleum products in the Fox River Basin.  While many spill and
LUST incidents have occurred within the Lower Fox River watershed, their
potential effect, if any, on the river has not been specifically evaluated.  However,
spills are limited in volume and duration and the vast majority occur at locations
which would not reach the river.  When compared with the chemical parameters
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discharged directly to the river via the municipal and industrial dischargers, recent
point source spills likely have relatively little impact and are not addressed further.

2.4.2 Nonpoint Sources
The Fox River Basin drains approximately 16,395 km  (6,330 mi ).  Due to the2 2

large size of the watershed, nonpoint sources have the potential to contribute
significant pollutant loads from runoff and atmospheric deposition into the river.

The river sediments containing elevated concentrations of PCB as well as other
compounds are dispersed along the entire Lower Fox River and are a continuing
source of nonpoint pollution. PCB modeling studies (Velleux and Endicott, 1994;
WDNR, 1995; WDNR, 1998) evaluated the sources, movement, and fate of
PCBs in the Lower Fox River and Green Bay.  It is estimated that over 99 percent
of the PCB in the river water is due to sediment resuspension, volatilization,
and/or dissolution of PCBs from the sediments (Fitzgerald and Steuer, 1996).
These same processes also control the occurrence of other organic and inorganic
compounds within the sediments and water.

Soil eroded from agricultural land, construction sites, and street runoff, as well as
erosion from unstable stream banks is estimated to contribute 100,000 tons of
solids to the Lower Fox River each year (WDNR, 1988).  Only 5 percent of the
solids load results from municipal/industrial dischargers; the remaining 95 percent
is from nonpoint sources, such as agricultural and urban runoff.

2.5 Transport Processes
The transport of chemicals of potential concern in the Lower Fox River define
how these compounds behave in the natural environment and move from their
sources to potential human and environmental receptors.  Transport process are
dependent on whether the chemical is present in a dissolved phase or particulate
phase.  The chemicals may move downstream in the water column, volatilize into
the atmosphere, partition to sediment and be deposited or suspended in the water
column, and/or be incorporated into the food chain.  In general, the chemicals of
potential concern tend to sorb to sediment particles, are resistant to
biodegradation, volatilize slowly and bioaccumulate in aquatic organisms.  Some
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chemical-specific properties that affect these tendencies include the following:
organic carbon partitioning coefficient (K ); octanol-water partitioning coefficientoc

(K ); water solubility; vapor pressure; Henry's Law constant; specific gravity;ow

chemical formula; biodegradation rate; and bioaccumulation factor.  These factors
are usually the most important factors effecting the overall fate of a chemical in
the environment and can be used to predict the mechanisms by which each
chemical (or group of chemicals) will move through or transform in the
environment.

This section presents a generalized description of the processes by which
chemicals may be transported from their source(s) to potential human and
environmental exposure points.  After the compounds enter the environment,
physical, chemical, and biological processes control how they will be transported
and transformed at the site.  In general, these processes tend to decrease
concentrations with increasing distance from the source areas.

2.5.1 Atmospheric Transport
Data from the early 1980s estimated PCB atmospheric deposition contributions
to Lake Michigan of approximately 290 to 450 kg (640 to 990 pounds) annually.
The GBMBS (EPA, 1989a) estimated atmospheric contributions of PCBs to
Green Bay.  The rain/snow flux of PCBs to Green Bay was approximately 2 to 16
kg (4.5 to 35 pounds) annually (Hornbuckle et al., 1992). At least two studies
estimate that the total atmospheric deposition of PCBs accounts for no more than
11 percent of the total inputs of PCBs to the Bay (Sweet et al., 1991; Hermanson
et al., 1991).

Due to the overall limited surface area of the Lower Fox River compared to the
surface area of Green Bay, it is estimated that direct atmospheric contributions
of the PCBs to the river are limited.  Emissions of PAHs, lead and other
compounds are also potential sources of these constituents in sediments.  The fate
of air emissions is dependent on many factors and their effects on the Lower Fox
River are unknown.

2.5.2 Sediment Transport
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Sediment transport is considered to be the primary transport mechanism for
contaminants in the Lower Fox River and Green Bay (Velleux and Endicott, 1994;
Steuer et al., 1995).  Chemicals with low solubilities in water (e.g., PCBs, PAHs,
mercury) tend to be adsorbed to fine-grained organic material in the water column
and are either deposited on the bottom or transported by physical processes such
as river currents.  After deposition, bottom sediments are subject to resuspension
by currents and transport as bedload; mostly fine-grained material will be
entrained in the water column as suspended load.

Once contaminants are adsorbed to the fine-grained mineral fraction and/or
organic materials of sediments, the material may be transported in suspension or
bedload by wind-driven and downstream river currents.  It is probable that these
currents may be sufficient to move coarse-grained material (medium to coarse-
grained sand or larger) at particular times of the year (e.g., spring) and during
storm events.  It has been shown that high flow events on the Fox River raise the
concentration of PCBs in the water column well above 100 nanograms per liter
(ng/L) (Steuer et al., 1995).  WDNR PCB transport studies show that ordinary
concentrations are approximately 50 to 90 ng/L in the summer and about one-
tenth of these values in the winter.  These higher flow events occur approximately
20 percent of the time; however, the model (Steuer et al., 1995) predicts more
than 60 percent of the PCB transport occurs at these times.

The Fox River is the major source of PCBs into Green Bay, contributing
approximately 92 percent of the PCB loading into the Bay in 1989 (DePinto et
al., 1994).  Most of these PCBs (83 percent) were associated with sediment
particles carried by the River (Marti and Armstrong, 1990).  Within Green Bay,
mass sedimentation rates have been determined to be 2 to 155 mg/cm /yr with an2

average rate of 46.5 ±31.2 mg/cm /yr (Manchester et al., 1996).  Manchester et2

al. (1996) noted that there is little or no net sediment deposition in the north-
central bay, suggesting that there is little transport of sediments between southern
and northern bay sediments and that sedimentation events occur independently
in these two regions.  Their interpretation was that either sediment in the
southern bay is not generally transported north of the primary deposition zone,
or, if sediment moves north of the primary zone, most of it is carried through the
Green Bay-Lake Michigan connecting channels to Lake Michigan and is not
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deposited in the northern bay.  While noting the presence of isolated PCB-
contaminated sediments in the north-central bay, they suggested that this may be
due to discontinuous transport processes related to occasional cataclysmic events,
such as extreme river flow rates.

Transport of all tributary loadings in a series of discrete resuspension-transport-
deposition events is further supported by work by Hawley and Niester (1993).
Based upon measuring sediment flux past Chambers Island, these workers noted
that there is little or no net transport of sediment out of the southern bay during
the summer months.  They suggest that most sediments introduced into the
southern basin are deposited and buried in the bay, unless resuspended during a
storm event.  Using very rough calculations they estimated that between 10 and
33 percent of all Fox River sediments may be transported annually into the
northern bay.

2.5.3 Sediment Deposition
Most of the Lower Fox River sites appear to be stable and depositional in nature
during low-flow regimes, based on the sediment distribution observed during the
bathymetry and poling investigations.  However, high flows/discharges, such as
occurred in 1993, may reduce the areal extent of many of the targeted deposits
and potentially transport sediments and associated COPCs down-river and into
Green Bay.  The high accumulation of sediment at most sites is explained by the
many dams controlling water discharge along the Fox River.  The highest levels
of accumulation occur behind these dams (deposits EE/GG/HH behind the De
Pere Dam).  Sediment deposition is less in the river channels where bottom
currents tend to scour the sediment.

Within Green Bay, the primary depositional zone is reported to be just south of
midway between a line connecting Sturgeon Bay and the mouth of the Peshtigo
River (Manchester et al., 1996).  However, much of the PCBs discharged from the
Fox River into Green Bay settle in the depositional zone along the eastern shore
of the inner bay (Manchester et al., 1996).  This depositional zone is located 25
km north of the mouth of the Lower Fox River along the eastern shore of Green
Bay and it receives 70 mg/cm /yr.  Because the source of these sediments is the2

Lower Fox River, it can be assumed that sediments in this depositional zone are
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of the same type that are found in the depositional areas of the Lower Fox River.
It is worth noting that while the line delineating the AOC for Green Bay includes
the surface sediments containing the highest concentration of PCBs within the
bay, a large part of the Fox River depositional zone extends beyond the AOC line,
north of Sturgeon Bay along the Door Peninsula.

2.5.4 Sediment Bioturbation
The other important processes that affect long-term contaminant presence are
biological, including bioturbation of sediments, bioaccumulation, and
biomagnification.  Sediment bioturbation will improve degradation rates of
organic compounds through oxygenation of surface sediments but will not greatly
affect metals concentrations.  Benthic infauna occur in the upper strata of
sediment.  Sediment is mixed by these organisms throughout their life cycles.  The
depth of sediment that is susceptible to mixing by various infaunal organisms
varies with the sediment grain size, density, sediment chemistry, bottom current
velocity, and type of habitat available.  Benthic insect larvae ingest bulk sediment
and strip detritus from the surface of the particles.  The principal mode of entry
of sediment-bound chlorinated hydrocarbons into the food web is from ingestion
of sediment solids (Capel and Eisenreich, 1990).  During the sediment collections
for the 1996 Remedial Investigation, various oligochaetes (worms) and
chironomid larvae (insects), commonly found in the upper 0.5 to 1 foot of
freshwater sediments, were observed to depths up to 2 feet in the Fox River
deposits (GAS/SAIC, 1996).  However, the maximum depth of bioturbation is in
the 4- to 6-inch zone.

2.6 Contaminant Distribution in the Lower Fox River

and Green Bay
The Remedial Investigation discusses the results of the numerous chemical and
physical parameters that have been analyzed in the Lower Fox River sediments
over the past 10 years.  Sediment samples in the Lower Fox River have been
analyzed for at least 206 different compounds in various chemical categories,
including PCBs, dioxin/furans, pentachlorophenol (PCP), pesticides, semivolatile
organic compounds (SVOCs), and numerous inorganic compounds.
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The section below presents a summary of the surface sediment COPC
concentrations and vertical distributions across the respective reaches.  A complete
discussion of both the vertical and horizontal distribution of COPCs may be
found in Section 4 of the Remedial Investigation.  As the Remedial Investigation
focuses principally on the Lower Fox River, a similar analysis of COPC
distribution in Green Bay is not presented.  Distribution of Green Bay COPCs are
discussed in both Sections 5 and 6.

2.6.1 Lake Winnebago (Background) Results
Sediment samples were collected from three locations within Lake Winnebago to
provide background information for use in the RI/FS and RA.  The Lake
Winnebago sediment samples were analyzed for PCBs, pesticides, and metals.
Dioxin/furan samples were not collected in Lake Winnebago.  The results indicate
that only the PCBs, Aroclor 1242 and 1254, were present and that concentrations
ranged from 10 to 20 µg/kg; concentrations for the three detected PCB congeners
were below 5.5 µg/kg.  None of the coplanar congeners were detected in Lake
Winnebago.  Background concentrations of total PCBs in Lake Winnebago
sediments ranged from 5.5 to 36 Fg/kg.

The pesticides DDE, alpha-BHC, and endosulfan sulfate were detected in Lake
Winnebago sediments, at concentrations less than 10 µg/kg (Table 4-12).  While
DDE was detected in five other samples throughout the Lower Fox River, and
alpha-BHC was detected in deposit EE, endosulfan sulfate was only detected in
Lake Winnebago.

Seven metals, including mercury, lead, and arsenic, were detected in Lake
Winnebago sediments.  Concentrations ranged up to 0.17 mg/kg for mercury and
100 mg/kg for zinc.  As indicated above, these results have been averaged for
comparison with results from Lower Fox River sediments.

2.6.2 Little Lake Butte des Morts

PCBs
A total of 532 PCB and other samples have been collected along this reach in the
previously identified investigations.  Results for the Little Lake Butte des Morts
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reach indicate that total PCB concentrations range from 2 to 222,722 µg/kg in
this reach of the river.  Areas of greatest surface (0 to 10 cm) concentrations occur
within portions of deposits A, C, and POG, where total PCB exceeds 50,000
Fg/kg.

Deposits D, E and F represent a broad section of the Little Lake Butte des Morts
reach, downstream of deposits A, C, and POG.  Total PCB concentrations
typically exceed 1,000 Fg/kg over most of this reach and exceed 10,000 Fg/kg in
localized areas.

Beyond the downstream deposits E and F, the Little Lake Butte des Morts
exhibits little sediment accumulation, except for two relatively small, isolated
areas (Deposits G and H).  Total PCB in deposit G ranges from 50 Fg/kg to 1,000
Fg/kg, while concentrations in deposit H range from 1,000Fg/kg to 10,000 Fg/kg.

Deposits A, C, and POG have been identified as having elevated concentrations
(over 15,000 µg/kg) of PCBs in sediment.  The PCB distribution in deposits A and
C reflect the influence of the Neenah Slough, the former Arrowhead Landfill, and
the Kimberly Clark joint WWTP, all located on the south side of Little Lake
Butte des Morts; significant historical releases of PCBs have been reported to
occur in this area of the Lower Fox River.  Additionally, sediment concentrations
in deposit POG reflect the impact of discharges from the Neenah-Menasha
WWTP, located near the south end of deposit POG.  The Neenah-Menasha
WWTP received process wastewater containing PCBs from Wisconsin Tissue
Mills (WDNR, 1998).

Total PCB levels for fish tissues collected in Little Lake Butte des Morts since
1979 are shown in Figures 2-1 through 2-7.  Those figures show both whole fish
concentrations, as well as skin-on fillet concentrations over several years of
collection.  Each figure also shows the total PCBs measured, as well as the total
PCBs normalized to the amount of lipid (i.e., fat) in the fish.  While the levels of
total PCBs in fish have dropped from historic high levels in the late 1970s, the
figures show that the levels have remained relatively constant since 1986.  This
is especially apparent in the carp fillet (Figure 2-2) which shows that the range of
observations for both the total PCB and lipid-normalized PCBs overlap for all
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sampling years.  Carp fillets in 1976 averaged 25,250 Fg/kg total PCBs (range
12,000 to 39,000), dropped to 2,625 Fg/kg (range 1,100 to 3,800) in 1986, and
were measured in 1992 at approximately 3,400 Fg/kg (range 354 to 7,500).

Dioxin/Furans
Six samples were collected from surface sediments in Deposits D, E, and POG for
analysis of 2,3,7,8-TCDD/F.  Concentrations of 2,3,7,8-TCDD range up to 5.44
ng/kg (ppt) in deposits D and POG, while concentrations of 2,3,7,8-TCDF range
up to 71.29 ng/kg (ppt) in all three deposits (indicating the highest concentration
is in deposit E).  One sample from deposit POG was collected to evaluate vertical
extent of impacts and these results indicate that both compounds were
approximately one-half to one-third lower in the deeper sediment sample.

Pesticides
Pesticide results indicate that eight parameters are present in this river reach.
Deposit C is the only location throughout the river where aldrin and dieldrin
(aldrin’s degradation byproduct) were detected.  Dieldrin is one of the two
pesticide compounds identified as COPCs in the SLRA and its concentration and
extent are both very limited.

DDT, the other pesticide identified in the SLRA, was detected in deposits D, E,
and POG.  DDT concentrations ranged between 5.5 and 50 µg/kg, with the
highest concentration detected in deposit POG.  DDD was also detected in
deposits C, E, and POG, at concentrations below 10 Fg/kg.

Inorganic Compounds
Mercury was detected in 85 sediment samples collected in this reach of the river.
Sediment samples from deposits C, D, E, and POG indicate that the highest
mercury concentration in this reach is 5.43 mg/kg, found in deposit POG.
Mercury concentrations exceed 1 Fg/kg in 37 of the samples.  Only three samples,
however, with concentrations reaching 1.5 mg/kg were collected from deposit C.
The highest concentrations detected in deposits D and E are 2.6 mg/kg and 3.72
mg/kg, respectively.  Average mercury concentrations in the Little Lake Butte des
Morts reach deposits are 1.18 mg/kg, compared to 0.14 in Lake Winnebago.
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Only 16 sediment samples from deposits C, D, E, and POG were collected and
analyzed for lead.  Results indicate that deposit POG has the highest lead
concentration of 549 mg/kg.  The remaining samples range from 3.54 to 300
mg/kg.  The highest results observed in deposits C, D, and E are 300 mg/kg, 160
mg/kg, and 289 mg/kg, respectively; nine of these samples exceed the Lake
Winnebago background level of 35 mg/kg.

A total of 16 sediment samples were also analyzed for arsenic, and detected at
concentrations ranging from 1.27 to 6.80 mg/kg.  The highest arsenic
concentration is 6.8 mg/kg in deposit E; the highest concentrations in deposits C,
D, and POG are 6.57, 4.88, and 6.51 mg/kg, respectively; eight of these samples
exceed the Lake Winnebago background level of 5.33 mg/kg, but are within the
normal range of variability for background concentrations.

2.6.3 Appleton to Little Rapids

PCBs
A total of 240 PCB samples have been collected along this reach in the previously
identified investigations.  Total PCB results for the Appleton to Little Rapids
reach  indicate that concentrations range between 0.34 and 185,560 µg/kg.  Areas
of greatest surface (0 to 10 cm) concentrations occurred within deposit N, where
total PCBs exceed 50,000 Fg/kg, and portions of deposits N, O, and X, where
total PCBs exceed 10,000 Fg/kg.  PCB surface concentrations also exceed 1,000
µg/kg (1 ppm) at deposits Q, T and V.

The concentrations of total PCBs in carp, walleye and white bass fish within this
reach show a relatively significant decline from the late 1970s to 1996 (Figures
2-8 through 2-11).  Walleye fillet concentrations of total PCBs were as high as
5,000 Fg/kg in 1980, fell to approximately 1,000 Fg/kg by 1985, and down to
210 Fg/kg in 1996.  This is consistent for both whole fish and fillets, as well as
total PCB and lipid-normalized PCB concentrations.

Dioxin/Furan
Three surface sediment samples were collected from deposit N for analysis of
dioxin (2,3,7,8-TCDD) and furan (2,3,7,8-TCDF).  Dioxin was nondetect in one
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sample and furan was nondetect in two samples.  Concentrations of 2,3,7,8-
TCDD range between 0.51 and 16.7 ng/kg, while the concentration of
2,3,7,8-TCDF is 333.05 ng/kg.  These maximum concentrations observed in
deposit N are more than twice the concentration detected in any other reach of
the river.

Pesticides
DDT and DDD are the only pesticides detected in deposits N and X.  The
concentrations of DDT and DDD found in deposit N are the highest detected
concentrations in any reach of the river, at 360 µg/kg and 120 µg/kg, respectively.
The concentrations in deposit X are all below 3.4 µg/kg.  All the results are from
surface samples because pesticide concentrations at depth cannot be evaluated.
Dieldrin was not detected in this reach of the river.

Inorganic Compounds
Mercury was detected in 20 out of 21 samples from deposits N, W, and X at
concentrations up to 5.445 mg/kg; 10 of the sample results exceed 1 mg/kg.

Lead and arsenic were detected in all nine surface sediment samples taken from
these three sediment deposits.  The highest lead and arsenic concentrations are
280 and 9.7 mg/kg, respectively.  Six of the lead results exceed the Lake
Winnebago background level of 35 mg/kg.  Two lead samples exceed 100 mg/kg,
suggesting that concentrations in this reach are locally elevated.  Average lead
concentrations in this reach are 78 mg/kg, less than the upstream Little Lake
Butte des Morts reach (126 mg/kg).  Arsenic results indicate concentrations
within a normal range of variability near background.

2.6.4 Little Rapids to De Pere

PCBs
Total PCB results for this reach indicate that concentrations range between 3 and
54,000 µg/kg.  Due to its large areal extent, the majority of sediment samples have
been collected in deposit EE.  Surface sediment PCB concentrations generally
range between 1,000 and 10,000 Fg/kg, with small isolated areas where
concentrations range between 10,000 and 50,000 Fg/kg  Sediments with
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concentrations exceeding 1,000 µg/kg are principally confined to this downstream
portion of deposit EE and in one area near the upstream end of this deposit.

There are relatively limited data for fish in the reach from prior to 1980, but
whole carp data show that the general trend observed in Little Lake Butte des
Morts is applicable here.  Total PCB levels in carp were as high as 10,000 Fg/kg
in 1980, but by 1996 had fallen to 4,500 Fg/kg (range 1,200 to 6,000) (Figure
2-12).  Whole body carp in 1998 were averaged 1,450 Fg/kg (range 604 to
2,760).  While the data suggest that carp total PCB concentrations may have
fallen approximately three times since 1996, when compared on a lipid-
normalized basis, the differences between the two values was only 1.5 times.
Whole body walleye also measured in 1998 averaged 3,750 Fg/kg.

Dioxin/Furans
In this reach, one 2,3,7,8-TCDD/F sample was collected from surface sediments
in Deposits EE and HH, while a second sample was collected at depth in Deposit
EE.  Concentrations of 2,3,7,8-TCDD range up to 6.82 ng/kg (ppt), and 2,3,7,8-
TCDF concentrations range up to 117.09 ng/kg (ppt).  Deposit EE sample results
indicate that the surface sediment result for 2,3,7,8-TCDD was 24 times greater
than that of the result for the subsurface result, while the surface sediment
concentration for 2,3,7,8-TCDF was four times greater than the subsurface result.

Pesticides
Ten (10) pesticides were detected in 12 sediment samples collected in this reach
of the river.  Except for the two composite samples from deposits EE/GG (EG), all
samples were collected from deposit EE.  DDT concentrations detected in three
samples range from 5.1 to 20 µg/kg, while DDD concentrations detected in three
samples range from 1.8 to 2.8 µg/kg.  Dieldrin was not detected in this reach of
the river.

Inorganic Compounds
Mercury was detected in all but a few of 134 samples from deposits EE, GG, HH,
and EG (composite samples).  The highest concentration found in the entire
Lower Fox River is 9.82 mg/kg, in a sample collected from deposit HH.  Eighty-
two (82) sample results exceed 1 mg/kg, and 24 of these samples have
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concentrations exceeding 5 mg/kg.  The average mercury concentration in this
reach is 2.3 mg/kg, compared to the average background concentration of 0.14
mg/kg in Lake Winnebago, 1.18 mg/kg in the Little Lake Butte des Morts reach,
and 2.14 mg/kg in the immediate upstream Appleton to Little Rapids reach.

Lead and arsenic were detected in 15 samples, and concentrations range up to
1,400 mg/kg and 7.6 mg/kg, respectively.  The highest lead concentration
observed in the river was detected in a single sample from deposit HH.  The lead
results indicate that 11 samples exceed background concentrations of 35 mg/kg.
Lead levels detected above 100 mg/kg in deposit EE (4 of 10 samples) are
sporadic.  The composite sample results, collected to evaluate vertical distribution,
indicate that concentrations below 61 cm range from 4.55 to 5.04 mg/kg, well
below Lake Winnebago background concentrations.  Arsenic results indicate
concentrations within a normal range of variability near background.

2.6.5 De Pere to Green Bay

PCBs
Results for the De Pere to Green Bay reach indicate that total PCB concentrations
in this reach range from 4 to 710,000 Fg/kg, and that over 400 sample results
exceed 1,000 µg/kg (1 ppm).  For most of the reach, total PCB in surface
sediments range from 10,000 µg/kg to 50,000 µg/kg.  The areas of greatest
concentration are at, and just downstream of, the De Pere dam, and at the mouth
of the River.

Changes in fish tissue concentrations over time in this reach are presented in
Figures 2-15 through 2-20.  Again, fish tissue concentrations were highest in
1976, dropped down and then appear to be relatively constant since the mid
1980s.  This is especially evident for whole walleye (Figure 2-17), walleye fillets
(Figure 2-18), and for white bass fillets (Figure 2-20).  The trend is consistent for
both total PCBs, and lipid normalized PCBs.

Dioxin/Furans
No sediment samples were analyzed for dioxin/furan compounds in this reach of
the river.
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Pesticides
Of the five (5) pesticides detected in this  reach of the river, DDD and DDE were
the only COPCs from the BLRA.  The DDD and DDE sample results were less
than 5 µg/kg.  Neither DDT or dieldrin were detected in this reach of the river.

Inorganic Compounds
Mercury was detected in all but a few of the 74 surface sediment samples collected
below the De Pere dam.  Analytical results indicate that the highest mercury
concentration observed in this reach of the river is 7.7 mg/kg, and that 41 samples
have a concentration exceeding 1 mg/kg.  The average mercury concentration in
this reach is 1.7 mg/kg, compared to the average background concentration of
0.14 mg/kg in Lake Winnebago, 1.18 mg/kg in the Little Lake Butte des Morts
reach, 2.14 mg/kg in the Appleton to Little Rapids reach, and 2.3 mg/kg in the
immediate upstream Little Rapids to De Pere reach.

Lead was detected in all 89 surface sediment samples collected in this reach of the
river, with concentrations ranging between 4.44 and 350 mg/kg.  All but nine of
the samples exceed the background concentration level of 35 mg/kg, indicating
that elevated lead values are widespread in this reach of the river.  Average lead
concentrations in this reach are 103 mg/kg.

Arsenic was detected in 71 surface sediment, with the highest concentrations
reported at 386 mg/kg.  The remaining arsenic concentrations range between 0.8
and 13.35 mg/kg.  The results indicate that 59 of these samples exceed the
background concentration of 5.3 mg/kg, but were generally within a normal range
of variability near background.



Figure 2-1     PCBs in Whole Carp from Little Lake Butte des Morts
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Figure 2-2     PCBs in Carp Fillets and Skin from Little Lake Butte des Morts
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Figure 2-3     PCBs in Whole Walleye from Little Lake Butte des Morts
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Figure 2-4     PCBs in Walleye Fillets and Skin from Little Lake Butte des Morts
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Figure 2-5     PCBs in Whole Yellow Perch from Little Lake Butte des Morts
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Figure 2-6     PCBs in Yellow Perch Fillets and Skin from Little Lake
                       Butte des Morts
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Figure 2-7     PCBs in White Bass Fillets and Skin from Little Lake
                       Butte des Morts
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Figure 2-8     PCBs in Whole Carp from Appleton to Little Rapids
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Figure 2-9     PCBs in Carp Fillets and Skin from Appleton to Little Rapids
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Figure 2-10     PCBs in Walleye Fillets and Skin from Appleton to Little Rapids
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Figure 2-11     PCBs in White Bass Fillets and Skin from Appleton to
                         Little Rapids
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Figure 2-12     PCBs in Whole Carp from Little Rapids to De Pere
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Figure 2-13     PCBs in Walleye Fillets and Skin from Little Rapids to De Pere
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Figure 2-14     PCBs in White Bass Fillets and Skin from Little Rapids to De Pere
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Figure 2-15     PCBs in Whole Carp from De Pere to Green Bay
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Figure 2-16     PCBs in Carp Fillets and Skin from De Pere to Green Bay
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Figure 2-17     PCBs in Whole Walleye from De Pere to Green Bay
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Figure 2-18     PCBs in Walleye Fillets and Skin from De Pere to Green Bay
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Figure 2-19     PCBs in Whole White Bass from De Pere to Green Bay

0

2,000

4,000

6,000

8,000

10,000

12,000

1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997

Year

T
o

ta
l P

C
B

s 
(µ

g
/k

g
 w

w
t)

Lipid Normalized

0

20,000

40,000

60,000

80,000

100,000

120,000

140,000

160,000

1986 1988 1990 1992 1994 1996 1998

Year

L
ip

id
 N

o
rm

al
iz

ed
 P

C
B

s 
(µ

g
/k

g
 li

p
id

)



Figure 2-20     PCBs in White Bass Fillets and Skin from De Pere to Green Bay
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Summary of the Screening Level Risk Assessment 3-1

Summary of the Screening Level3Risk Assessment

This section summarizes the relevant pathways, COPCs, and uncertainties that
were identified in the SLRA.  The purpose is to provide context for conducting
the BLRA.

The SLRA for the Lower Fox River and Green Bay focused on the potential for
human health and ecological risks associated with chemicals in sediments, surface
waters, and biota.  The SLRA was conducted using the most conservative exposure
and effects scenarios in an effort to identify which of the over 300 contaminants
previously identified potentially posed risks to human and ecological receptors.
Data from 16 separate comprehensive studies conducted on the Fox River and
Green Bay by state, federal, university, and private parties were used to assess risk.
These studies and additional studies are further used for the BLRA risk assessment
(Section 4).  The objective of the screening was to identify a smaller list of
contaminants that would be carried through to the baseline risk assessment.

3.1 Human Health Screening Level Risk Assessment

3.1.1 Potential Pathways at Risk
The important critical receptors and exposure pathways identified were:

C Recreational and subsistence anglers exposed to chemicals through fish
ingestion,

C Hunters exposed to chemicals in waterfowl through waterfowl ingestion,

C Recreational water users exposed to chemicals in surface water and/or
sediments through direct contact,
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3-2 Summary of the Screening Level Risk Assessment

C Drinking water users exposed to chemicals in surface water collected
from either the Lower Fox River or Green Bay by municipal water
authorities,

C Local residents exposed to chemicals volatilized from surface water via
inhalation, and

C Marine construction workers exposed to chemicals in sediment through
direct contact.

Of those pathways, the first three were considered to represent the most
significant exposure pathways.  Risk-based screening concentrations (RBSCs) were
developed to screen all contaminants found in the river and Green Bay based on
those pathways.

3.1.2 Chemicals of Potential Concern
COPCs were determined by comparing the maximum detected concentrations of
contaminants to RBSCs.  The RBSCs are concentrations in various media that are
intended to be protective of the critical receptors identified previously.  The
RBSCs were concentrations developed from conservative risk assessment
equations.  RBSCs were developed for three exposure pathways:  fish ingestion,
waterfowl ingestion and direct contact with sediment.  The chemicals with
maximum detected concentrations that exceeded RBSCs in one or more media
included PCBs, dioxins, furans, potentially carcinogenic PAHs, selected SVOCs,
pesticides, and a number of inorganic chemicals.

COPCs that exceeded RBSCs were ranked based upon relative risk ratios, which
are the maximum detected concentration divided by the RBSC.  For almost all
media and all exposure pathways, PCBs had the highest relative risk ratios;
generally 1 to 3 orders of magnitude greater than any other compound.  Of the
three exposure pathways evaluated, the highest relative risk ratios were for PCBs,
dioxins and furans for the fish ingestion pathway.  Dieldrin, DDE, and arsenic
also had relative risk ratios within an order of magnitude of the relative risk ratios
of PCBs for some exposure pathways.
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3.2 Ecological Screening Level Risk Assessment

3.2.1 Potential Pathways at Risk
For the ecological SLRA, generic aquatic receptors identified in the river/bay were
water column and sediment-dwelling invertebrates, fish, and fish-eating wildlife
(birds and mink).  Exposure pathways for these receptors included uptake of
dissolved chemicals in surface water, ingestion of contaminated sediments, and
biomagnification from prey (fish and insects) into insectivorous or piscivorous
mammals or birds.

Exposure estimates were determined for specific receptor groups.  For example,
exposures to fish were distinguished between benthic fish and pelagic fish.  Each
of these groups has a different trophic role and, therefore, potentially different
exposure.  Similarly, birds were grouped as omnivorous, piscivorous, or
insectivorous.

3.2.2 Chemicals of Potential Concern
The following chemicals were identified as ecological COPCs in sediments, tissues,
and waters from the Lower Fox River and Green Bay:  arsenic, lead, mercury,
PCBs, DDT/DDD/DDE, dieldrin, and TCDD/TCDF.  Risks from PCBs were 2
to 3 orders of magnitude higher (hazard quotients [HQ] greater than 5,000) than
any of the metals (HQs of 8 to 41), chlorinated pesticides (HQs of 7 to 51), and
PAHs (HQs of 2 to 39).

3.3 Chemicals of Potential Concern for the Baseline

Risk Assessment
As defined in the Superfund Risk Assessment Guidance (EPA, 1997), following
the completion of the SLRA, a Scientific Management Decision Point (SMDP)
was necessary to review the results of the SLRA.  The technical team of risk
managers, collectively referred to as the Biological Technical Assistance Group
(BTAG), were assembled during the SLRA process to specifically address SMDPs
and provide technical review.  The resource agencies, risk assessors, and technical
personnel in the BTAG included:
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C Wisconsin Department of Natural Resources
C U.S. Fish and Wildlife Service
C U.S. Environmental Protection Agency, Region 5
C National Oceanic and Atmospheric Administration
C Menominee Nation
C Oneida Nation

Based on the SLRA, the risk managers determined that:  1) potential adverse
effects from contaminants in the Lower Fox River and Green Bay are present, and
the BLRA is warranted, and 2) the list of chemicals identified as potential risk
drivers identified in the SLRA could be focused to a more limited number for the
BLRA based upon the magnitude of risk, spatial extent of the contaminants, and
presence of fish consumption advisories.

The SMDP was formalized in a memo from WDNR dated August 3, 1998
(Appendix A).  The memo identified and justified which chemicals should be
carried forward into the BLRA, based on the potential for either human health or
ecological risk.  Of the 75 chemicals that were above screening level risk criteria,
only those with the most potential for adverse risk were carried forward as BLRA
COPCs.  The process used to narrow this list of COPCs was as follows:

C Spatial extent of the chemical over the study area segments identified
in the SLRA

C Magnitude of the chemical sediment Hazard Quotient (HQ)

C Presence of consumption advisories

The retained COPC include:  PCBs (total and/or Aroclor 1242, and PCB
congeners), 2,3,7,8-TCDD/2,3,7,8-TCDF, DDT/DDE/DDD, dieldrin, mercury,
lead and arsenic.  Sediment HQs were greatest for PCBs based on both human
heath and ecological risk based screening levels.
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Sediment, Water and Tissue4Chemistry Data

This section describes the data set used for both the human health and ecological
risk assessments.  As part of the RI/FS, several state, federal, university, and
private party studies conducted for the Lower Fox River and Green Bay were
identified, and requests were made for electronic copies of the study data.  These
were assembled into the Fox River Database (FRD).  Those data sets used for the
FRD are shown in Table 4-1.  This list of data sets includes data that were used
as part of the SLRA.  Additional data sets not included in the SLRA were:  Great
Lakes National Program Office (GLNPO) Green Bay Mass Balance sediment,
water, and tissue data; USGS Water Quality Assessment Program sediment,
water, and tissue data; Fox River Mass Balance Water Column Data; Watershed
Management Metals water data; and Wisconsin Pollution Discharge Elimination
System Influent Data for water.

“Electronic Data” collected from the various resources were folded into the FRD.
Requests were submitted for sediment, tissue, and water data.  Data were
provided in various file formats, including document files (i.e., Word,
WordPerfect), spreadsheets, ASCII files, database tables, and drawings (i.e.,
CADD, GIS files).  The data were extracted from the files into individual database
tables for standardization prior to inclusion into the FRD.

The reduced and standardized data sets were compiled into a database for use in
support of the ongoing RA and RI/FS.  The database currently contains more than
311,000 records from 37 individual data sets representing sediment, tissue, and
water data.  The data in the FRD were collected primarily between 1988 and
1998 along the Fox River from Lake Winnebago to northern Green Bay.  This
information has been grouped in multiple ways to facilitate risk assessment
calculations, summarizing the data by river stretch or Green Bay zone, species
(common name) and sample type.

A complete description of the FRD, quality assurance and quality control issues
is given in the 1998 Fox River Data management Summary Report (EcoChem, 1998).
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Table 4-1 Data Sets Included in the Fox River Database

Media Data Collection Effort Analyses
Number of
Samples

Sediment BBL Sediment Data (1996) 8 PCB congeners

GAS/SAIC Sediment Data (1994) 253 metals, SVOCS, pesticides, PCB
Aroclors

Great Lakes National Program Office 924 PCB congeners, PCB homologs,
(GLNPO) Green Bay Mass Balance dieldrin

Mass Balance Sediment Data 1,391 PCB Aroclors, PCB congeners
(1989–1990)

RETEC RI/FS Sediment Data 199 PCB Aroclors, PCB congeners,
Collection (1998) SVOCs, pesticides, metals

Triad Assessment (1993) 26 metals, SVOCs, pesticides, PCBs

USGS Water Quality Assessment 13 chlorinated herbicides, chlorinated
Program pesticides, organophosphorus

pesticides, SVOA, metals

WDNR Sediment Data Collection 488 metals, PCB Aroclors
(1995)

Woodward Clyde Deposit A Sediment 66 PCB Aroclors
Samples (1994)

Tissue BBL Tissue Data (1996) 13 PCB congeners

Custer Cormorant Data (1994–1995) 193 dioxins, pesticides, PCB congeners

Custer Tree Swallow Data 200 dioxins, pesticides, PCB congeners
(1993–1996)

Great Lakes National Program Office 492 PCB congeners, PCB homologs,
(GLNPO) Green Bay Mass Balance dieldrin

NRDA Fish Tissue Collection (1996) 123 PCB Aroclors, PCB congeners

NRDA Waterfowl Data (1996) 70 pesticides, PCBs

Stromberg Eagle Data (1994–1996) 31 dioxins, pesticides, PCB congeners

USGS Water Quality Assessment 14 chlorinated herbicides, chlorinated
Program pesticides, organophosphorus

pesticides, SVOA, metals

WDNR Fish Contaminant/Advisory 1,756 metals, SVOCS, pesticides, PCB
Study Data Aroclors, PCB congeners

WDNR Fish Tissue Collection (1996) 200 PCB Aroclors

WDNR Tissue Data 438 pesticides, PCBs, metals
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Media Data Collection Effort Analyses
Number of
Samples

Sediment, Water and Tissue Chemistry Data 4-3

Water Fox River Mass Balance Water 164 PCB congeners
Column Data (1989–1990)

Great Lakes National Program Office 332 PCB congeners, PCB homologs,
(GLNPO) Green Bay Mass Balance dieldrin

Lake Michigan Tributary Monitoring 43 pesticides, PCB congeners
Study

USGS Water Quality Assessment 332 chlorinated herbicides, chlorinated
Program pesticides, organophosphorus

pesticides, SVOA, metals

Watershed Management Metals 4 metals

Wisconsin Pollution Discharge 8 VOA, SVOCs, pesticides, PCBs,
Elimination System Influent Data metals
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Human Health Risk Assessment5
5.1 Overview

This section presents the baseline human health risk assessment for the Lower Fox
River and Green Bay system.  The baseline human health risk assessment uses the
results of the Screening Level Risk Assessment (SLRA) (RETEC, 1998) as a
starting point.  The human health evaluation in the SLRA presented a conceptual
site model which identified potential sources of chemicals to the Lower Fox River,
migration routes for chemicals through the Fox River and into Green Bay and
receptors for the Lower Fox River and Green Bay.  The human health evaluation
in the SLRA compared the concentrations of chemicals in fish tissue, waterfowl
tissue, and sediment to Risk-Based Screening Concentration (RBSCs).  The
chemicals with the most significant exceedances of RBSCs were retained for more
detailed evaluation in the baseline human health risk assessment (Lynch and
Webb, 1998).  These chemicals of potential concern (COPCs) are:

C Polychlorinated biphenyls
C Polychlorinated dibenzo-p-dioxins and Polychlorinated dibenzofurans
C Dieldrin
C DDT, DDE, and DDD
C Arsenic
C Lead
C Mercury

This section begins (Section 5.2) by restating the conceptual site model from the
human health evaluation in the SLRA.  A major part of the conceptual site model
is the identification of potential receptors and exposure pathways.  The receptors
include:

C Recreational anglers
C Subsistence anglers
C Hunters
C Drinking water users
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C Local residents
C Recreational water users (swimmers and waders)
C Marine construction workers

Following the presentation of the conceptual site model, the results of the SLRA
for polynuclear aromatic hydrocarbons (PAHs) are revisted.  In the SLRA, PAHs
were screened out.  This screening was based, in part, on the fact that PAHs,
although lipophilic like PCBs, dioxins/furans, dieldrin, DDT, DDE and DDD, are
metabolized by fish.  Therefore, although PAHs were detected in sediments, they
are not expected to bioaccumulate and biomagnify up the food chain as PCBs,
dioxins/furans and chlorinated pesticides do.  At the time of the SLRA, there were
no data for PAHs in fish.  In the fall of 1998, fish samples were submitted for
analysis and the results of these analyses are reviewed in Section 5.3.  The
evaluation indicates that PAHs were detected infrequently in fish samples and the
risks associated with ingestion of fish containing PAHs are 2 orders of magnitude
lower than those associated with ingestion of fish containing PCBs.

Following the conceptual site model, the intake equations and intake assumptions
used to estimate intakes for each receptor are presented (Section 5.4).  Next, the
procedures used to develop exposure point concentrations are presented (Section
5.5).  This section also summarizes the field data used in the risk assessment.

To evaluate the calculated intakes, dose response functions are needed for each
COPC.  Dose response information is provided in the dose-response assessment,
including critical health effects for each COPC, cancer slope factors and reference
doses (Section 5.6).

Section 5.7 provides a baseline risk characterization, where the calculated intakes
are combined with the dose response information to calculate human health
cancer risks and noncancer hazard indices for each receptor.  These cancer risks
and hazard indices are generated for different reaches in the Lower Fox River and
for Green Bay.  The highest cancer risks and hazard indices are calculated for
recreational and subsistence anglers due to ingestion of fish containing PCBs.
These risks and hazard indices are more than 10 times higher than the risks and
hazard indices for the next most exposed receptor, the hunter.
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Lead was identified as a COPC in the SLRA, but lead cannot be evaluated by
conventional risk assessment techniques.  Specifically, lead is not evaluated as a
carcinogen and there are no reference doses for lead.  Instead, potential health
effects for lead are evaluated using phamacokinetic models.  In Section 5.8, the
lead data in each medium is revisited in greater detail.  The result of this
evaluation is that lead is not considered to be of concern from a human health
perspective in any medium.

The baseline risk characterization in Section 5.7 indicates that the highest cancer
risks and noncancer hazard indices are for anglers as a result of exposure to PCBs
from ingestion of fish.  A detailed evaluation of such exposures is provided in
Section 5.9.  In this evaluation, the fish concentration data is investigated in more
detail, a range of intake assumptions for recreational and subsistence anglers are
presented, and the cancer risks and hazard indices for exposure to different fish
species using the range of intake assumptions are also presented.  This section also
provides risk-based concentrations of PCBs in fish for different cancer risk and
hazard index values.

Section 5.10 provides an uncertainty and sensitivity analysis that describes the
uncertainties and limitations in the data sets and the effects of different
assumptions on the results.

Section 5.11 provides a summary of the human health risk assessment.

5.2 Sources, Migration Routes, Human Receptors and

Exposure Pathways
There are a large number of people who are potentially exposed, either directly or
indirectly, to chemicals in the Lower Fox River and Green Bay.  Land use along
the Lower Fox River currently includes a mixture of agricultural, residential, light
and heavy industrial, conservancy, and wetland areas.  The Lower Fox River valley
had and may still have the greatest concentration of pulp and paper industries in
the world, with numerous paper mills located on the 40-mile stretch of the Lower
Fox River.  Numerous townships, villages, and cities are located along the Lower
Fox River.  This corridor from Green Bay to Lake Winnebago is the second-largest



Baseline Human Health and Ecological Risk Assessment

5-4 Human Health Risk Assessment

urbanized area in the State of Wisconsin, with a population of nearly 500,000.
The SLRA identified the greatest risk resulting from ingestion of fish containing
PCBs.  It has been estimated that approximately 47,000 licensed anglers reside
in counties adjacent to the Lower Fox River and Green Bay.

Figure 5-1 illustrates potential source media, migration routes, exposure media,
and human receptors for chemicals present in the Lower Fox River and Green Bay
system.  Chemicals enter the Lower Fox River from a variety of sources.  The
primary sources of toxic chemicals are industrial and municipal wastewater
discharges, discharges from stormwater systems, flows from tributary water bodies
(i.e., Lake Winnebago, rivers, creeks and streams), discharges from groundwater,
and atmospheric deposition.  The SLRA identified that the greatest risk associated
with the Lower Fox River was exposures associated with ingestion of fish
containing PCBs.  The principal source of PCBs has been discharges of industrial
wastewater.  Once in the Lower Fox River, chemicals may partition to bottom
sediments, be associated with suspended sediments, or be dissolved in surface
water.  As water and sediment migrate downstream, chemicals will also migrate,
eventually discharging to Green Bay.  Once in Green Bay, the migration process
will continue through the bay, although deposition of suspended sediment is more
prevalent since water flow in Green Bay is considerably slower than in the Lower
Fox River.  Chemicals in Green Bay will continue to migrate in the dissolved and
suspended particulate phases to Lake Michigan although this process is
considerably slower than the migration of chemicals in the Lower Fox River, since
the flow of water is considerably slower in Lake Michigan than in the Lower Fox
River.  Chemicals may also volatilize from surface water to air or may be
transformed by chemical and microbial processes.  Finally, chemicals may
bioaccumulate and biomagnify through the food chain from sediment and surface
water to aquatic vegetation, benthic organisms, fish, and waterfowl.

Once chemicals have entered the Lower Fox River and Green Bay system,
exposures can occur to people through a variety of mechanisms.  Table 5-1
provides a list of human receptors and exposure pathways that are considered in
the human health risk assessment.  These receptors include:

C Recreational anglers
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C Subsistence anglers
C Hunters
C Drinking water users
C Local residents
C Recreational water users
C Marine construction workers

These receptors and their associated exposure pathways are also presented on
Figure 5-1.

Recreational anglers are individuals who fish in the Lower Fox River and Green
Bay.  The Lower Fox River supports a variety of sport and nonsport fish.  Sport
fish species observed in the Lower Fox River include walleye, black crappie,
northern pike, perch, bass, and catfish.  Nonsport fish include carp, gizzard shad,
freshwater drum, and white sucker.  Similar fish species have been observed in
Green Bay; in addition, salmon, sturgeon, lake trout, and burbot are commonly
found there.  Recreational anglers may be exposed to constituents in the river,
such as PCBs, through ingestion of fish, inhalation of chemicals volatilized into
the air from the surface water, incidental ingestion of water during fishing, and
dermal contact with water during fishing.  The exposures via water ingestion and
dermal contact are likely to be sporadic, since recreational anglers are not
intentionally entering the water.

Subsistence anglers are individuals who would not be able to meet their daily
nutritional requirements if they could not supplement their diet with sport-caught
fish.  Thus, the frequency with which a subsistence angler will consume
potentially contaminated fish is significantly higher for the subsistence angler, as
opposed to the recreational angler.  In particular, Native Americans and Hmong
may constitute subsistence groups of anglers.  Regardless of racial or ethnic
background, individuals with low incomes are more likely to engage in subsistence
angling.  The exposure pathways for the subsistence angler are the same as those
for the recreational angler.

Consumption of fish caught in the Lower Fox River/Green Bay has been
recognized as a health issue since 1976 when the first fish advisories were issued.
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Fish advisories are still in effect for PCBs in the Lower Fox River and Green Bay
(WDH/WDNR, 1998).  Current fish advisories for PCBs are summarized in
Table 5-2.  These fish advisories are based on the relationship between tissue
concentrations of PCBs in individual size classes and species of fish, and on a
health protective value of 0.05 µg PCB/kg body weight/day (as described in
Anderson et al., 1993).  This value falls between the reference doses for Aroclor
1254 (0.02 Fg PCB/kg body weight/day) and Aroclor 1016 (0.07 Fg PCB/kg body
weight/day) as discussed later in this section.  This value is also consistent with
a lifetime cancer risk level of about 10 .  The advisories describe precautions that-4

should be taken by anglers and their families before consuming fish that have
been caught from the Lower Fox River or Green Bay.  These advisories are for
trimmed and skinned fish, and assume an average meal size of 227 grams (0.5
pound) for a 70 kg adult based upon findings in a variety of studies of fish
consumption, as discussed in detail later in this section.  In addition, the fish
advisory document (WDH/WDNR, 1998) provides advice for properly trimming,
skinning, and cooking fish to reduce potential exposures to PCBs and other
lipophilic chemicals.  Despite these fish advisories, a high percentage of anglers
and their families are often unaware of specific advisories and others choose to
ignore them (West et al., 1989, West et al., 1993).  Tilden et al. (1997) found that
60 percent of women and 80 percent of ethnic minorities who had eaten sport
fish were unaware of fish consumption advisories.

Hunters are individuals who hunt waterfowl in the Lower Fox River and Green
Bay.  These individuals may be exposed to chemicals through ingestion of
waterfowl.  Like anglers, these individuals may also be exposed to constituents in
the river through inhalation of chemicals volatilized into the air from the surface
water, incidental ingestion of water contacted during hunting, and dermal contact
with water contacted during hunting.  The exposures via ingestion and dermal
contact are likely to be low for this receptor, since hunters may not contact the
water at all.

It should be noted that hunters may also hunt mammals, such as deer, that may
eat vegetation, drink water and contact sediment along the Lower Fox River or
Green Bay.  However, deer are likely to obtain only a small fraction (which may
approach zero) of their daily food requirement from vegetation in the Lower Fox
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River or Green Bay.  Therefore, deer are likely to have lower exposure to
constituents in the Lower Fox River and Green Bay than waterfowl.  Additionally,
it is difficult to determine the extent to which chemical concentrations in deer are
due to exposure to chemicals in the Lower Fox River and Green Bay as opposed
to exposure to chemicals in other areas, such as forested areas and farm fields.
Therefore, the evaluation of hunters has been limited to hunting waterfowl.

Drinking water users are individuals that use water taken directly from the Lower
Fox River as a source of drinking water.  Lake Winnebago is used as a primary
source of drinking water, but no part of the Lower Fox River is used as a primary
water source.  From Lake Winnebago to the dam at Appleton, the Lower Fox
River serves as a secondary source of drinking water for the communities of
Neenah, Menasha and Appleton.  All river water is treated prior to joining the
water-distribution systems in these communities.  From the dam in Appleton to
the discharge point at Green Bay, the Lower Fox River is not used as a drinking
water source.  Green Bay is classified as a drinking water source, but does not
actually supply drinking water to any communities near the Fox River.  The
nearest community that takes water from Green Bay is Marinette which is 40 to
50 miles from Green Bay.  Potential exposures associated with direct use of water
include ingestion, dermal contact during bathing, cooking and other household
uses of water, and inhalation of chemicals volatilized into the air during showering
and other uses.

Local residents are individuals who live next to the Lower Fox River or Green Bay.
There are homes located along the water throughout the length of the Lower Fox
River, except in downtown Green Bay.  Potential exposures associated with living
next to the river include inhalation of chemicals volatilized into the air from the
surface water.

Recreational water users are individuals who wade, swim, jet ski, or water ski on
the river or in the bay.  Several parks are located on the Lower Fox River
shoreline, although there are no public beach areas on the river where people are
known to swim.  Nonetheless, the potential exists for swimming to occur in the
river.  There are a number of public beaches in Green Bay.  Potential exposures
associated with recreational water use include inhalation of chemicals volatilized
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into the air from the surface water, incidental ingestion of water, dermal contact
with water, incidental ingestion of sediment and dermal contact with sediment or
sediment pore water.

Marine construction workers are individuals engaged in dredging or construction
activities within the river or bay.  These activities could include navigational
dredging of the harbors on Lower Fox River or Green Bay, and construction
projects that may occur in the river and along the Green Bay shoreline.  Potential
exposures associated with construction activities or navigational dredging include
inhalation of chemicals volatilized into the air from the surface water, incidental
ingestion of and dermal exposure to water contacted during work activities, and
incidental ingestion of and dermal exposure to sediment contacted during work
activities.

Table 5-1 lists the primary receptor groups and their associated exposure
pathways for the Lower Fox River and Green Bay.  While more receptor groups
could have been developed, the human health assessment has focused on the
dominant receptor groups and exposure pathways.  It is possible for an individual
to live next to the river (the local resident), use the river for recreational activities
(the recreational water user), fish from the river (recreational angler), hunt
waterfowl from the river (hunter) and obtain drinking water from the river
(drinking water user).  The exposures to such an individual would be a
combination of the exposures to the five receptor groups identified in parentheses.
Such an individual is likely to be rare and, therefore, is not discussed in detail in
the risk characterization.  However, such rare receptors are mentioned in the
uncertainty analysis.  The primary goal of Table 5-1 is to identify key receptor
groups so that potential risks can be estimated for representative receptors in the
Lower Fox River and Green Bay.

5.3 Evaluation of Polynuclear Aromatic Hydrocarbons

(PAHs) in Whole Body Fish Tissue Samples
In September 1998, whole body fish tissue samples were collected and analyzed
for polynuclear aromatic hydrocarbons (PAHs), PCBs, pesticides, and
dioxins/furans.  The fish species sampled were carp, walleye, and shiners, and the
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samples were collected from the following three areas:  Little Lake Butte des
Morts, Little Rapids to De Pere, and De Pere to Green Bay.  This sampling was
conducted in order to provide supplemental data for the risk assessment.  This
data included analysis for PAHs in fish tissue, which previously had not been
analyzed.  The samples were analyzed for additional chemicals including PCBs,
and 2,3,7,8-TCDD.

A summary of selected results of the supplemental sampling is presented in Table
5-3.  This table indicates the maximum detected concentration, the average
concentration, and the frequency of detection of each PAH constituent analyzed
in the fish tissue samples.  The results for total PCBs and 2,3,7,8-TCDD are also
listed in this table, to provide some comparative information.

5.3.1 Screening Evaluation
Next, a screening evaluation was performed on these data to determine the
potential for adverse human health effects.  As was done in the Screening Level
Risk Assessment, each constituent is compared to its risk-based screening
concentration (RBSC).  The RBSCs for the fish ingestion scenario are based on
conservative exposure assumptions for subsistence anglers (RETEC, 1998a).  The
equation and exposure parameters used to calculate subsistence angler RBSCs
(RBSC ) for carcinogenic chemicals are as follows.SA-fish

where:
TR = target risk = 1 × 10-6

BW = body weight = 70 kilograms
ATc = averaging time (carcinogenic) = 25,550 days
FIR = fish ingestion rate = 0.14 kg/day
EF = exposure frequency = 365 days/year
ED = exposure duration = 70 years
FI = fraction ingested from Fox River = 100%
SF = oral cancer slope factor (chemical-specific)
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The equation and exposure parameters used to calculate subsistence angler RBSCs
(RBSC ) for noncarcinogenic chemicals are as follows.SA-fish

where:
THQ = target hazard quotient = 0.1
ATnc = averaging time (noncarcinogenic) = 25,550 days
RfD = chronic oral reference dose (chemical-specific)

The other parameters in the equation were defined above.

Exposure assumptions used to calculate the RBSC are consistent with theSA-fish 

Protocol for a Uniform Great Lakes Sport Fish Consumption Advisory (Anderson et al.,
1993).  An average daily fish ingestion rate of 140 g/day was used to calculate the
RBSC ; this corresponds to the ingestion rate assumed in Anderson et al.SA-fish

(1993) for unrestricted consumption of sport fish.  It is also the maximum fish
consumption rate assumed for anglers in the 1996 Fox River risk assessment
(GAS/SAIC, 1996), which was intended to be representative of a subsistence level
of fish consumption.  This ingestion rate (140 g/day) is comparable to EPA’s
default subsistence fish ingestion rate of 132 g/day (EPA, 1991), and corresponds
to about 4.3 meals/week (assuming a meal size of 227 grams, or 0.5 pound).  An
exposure duration of 70 years (corresponding to an average lifetime) was assumed,
consistent with Anderson et al. (1993).  For screening purposes, no reduction in
constituent concentrations due to cooking and cleaning of fish was assumed.

Table 5-4 presents the oral reference doses and cancer slope factors that are
available for the chemicals detected in fish tissue.  These toxicity criteria were
obtained from the USEPA’s Integrated Risk Information System (IRIS) or from
the Health Effects Assessment Summary Tables (HEAST).  For some PAHs, no
toxicity criteria were available; therefore, surrogate criteria from structurally
similar PAHs were used to calculate RBSCs.  Table 5-4 also presents the
calculated RBSCs for each chemical.
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The results of the screening evaluation are presented in Table 5-5.  For each PAH
that was detected in fish tissue, the maximum detected concentration was
compared to its corresponding RBSC .  If the maximum detectedSA-fish

concentration was greater than the RBSC , the chemical was identified as aSA-fish

potential constituent of interest for the fish ingestion pathway.  If the maximum
detected concentration was less than the RBSC , the PAH was eliminated fromSA-fish

further evaluation for the fish ingestion pathway.  The screening was also
performed for total PCBs and 2,3,7,8-TCDD.

5.3.2 Calculation of Cancer Risks
As indicated in Table 5-5, the maximum detected concentrations of
benzo(a )an th racene ,  benzo(a)pyrene, benzo(b)fluoranthene,
benzo(k)fluoranthene, dibenz(a,h)anthracene, and indeno(1,2,3-cd)pyrene
exceeded their respective RBSCs.  For each of these PAHs, the cancer risk was
calculated based on the maximum concentration and the exposure assumptions
used to derive the RBSC.  The equation used to calculate the cancer risk is as
follows.

This calculation was also done for total PCBs and 2,3,7,8-TCDD, whose
maximum concentrations exceeded their respective RBSCs.

The calculated cancer risks for each chemical with a maximum detected
concentration above the RBSC are also presented in Table 5-5.  Only two of the
PAHs, benzo(a)pyrene, and dibenz(a,h)anthracene, were found to have associated
cancer risks above the 10  risk level.  The calculated cancer risks for total PCBs-4

and 2,3,7,8-TCDD also exceeded the 10  risk level.-4

5.3.3 Results of PAH Evaluation
Although the results of this evaluation show that two PAHs may be present at
levels exceeding a 10  cancer risk, several things should be noted.  First, the-4

calculated cancer risks are 2 orders of magnitude below those for PCBs.  Second,
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each PAH was only detected in two out of 12 samples whereas PCBs were
detected in all samples.  Third, the data are for whole fish samples and people eat
with rare exceptions, fillets.  PAHs are readily metabolized, which is reflected in
the low number of detections, and are less likely to accumulate in the fillet than
in other organs of the fish.  Thus, the use of whole body samples is conservative.
Finally, the exposure assumptions used to calculate RBSCs and the associated
risks are very conservative.  Taking all this into account, actual exposure to PAHs
from ingestion of fish is likely to be significantly below that estimated here and
below that estimated for PCBs.  Therefore, exposure to PAHs is not considered
further.

5.4 Intake Assumptions for Potential Receptors
This section describes the intake assumptions used for calculating the intake by
potential receptors in the Lower Fox River and Green Bay.  This discussion is
divided into three parts:  the first part provides a general overview of intake
assumptions; the second part presents intake equations applicable to the receptors
in the river and bay; and the third part discusses assumptions used for specific
receptors in the river and bay.  The exposure assumptions presented are based
primarily on EPA risk assessment guidance (EPA, 1989a, 1991 and 1997a).

5.4.1 Overview of Intake Assumptions
This section provides a general discussion of the assumptions used to calculate
intakes from various exposure pathways.  Exposure pathways are defined as a
direct contact route between a receptor and an impacted medium.  Exposure
pathways are determined for receptors based on the receptors’ expected activities
at the site.  In order to translate exposures to potentially impacted media into
intakes or doses, intake assumptions must be specified.  These intake assumptions
consider the number of times a receptor is expected to contact a particular
medium, the duration of the contact, and the mechanisms that enable chemicals
in impacted media to be potentially assimilated by the receptor (EPA, 1989a;
EPA, 1997a).

Generally, the intake or dose of a particular chemical by a receptor is calculated
with the equation:



I '
C @ CR

BW
@

EF @ ED
AT

Baseline Human Health and Ecological Risk Assessment

Human Health Risk Assessment 5-13

where:

I = the chemical intake (mg/kg BW-day)
C = the chemical concentration (e.g., mg/kg-soil or mg/L-water)
CR = contact rate or the amount of impacted medium contacted per event

(e.g., liters/day)
EF = exposure frequency (days/year)
ED = exposure duration (years)
BW = the average body weight of the receptor (kg)
AT = averaging time of the exposure (days)

This equation calculates an intake that is normalized over the body weight of the
individual and the duration of the exposure.

Since the intake or dose is combined with quantitative indices of toxicity
(chemical-specific dose-response information such as reference doses or cancer
slope factors) to give a measure of potential health effects, the intake or dose must
be calculated in a manner that is compatible with the quantitative dose-response
information for the chemicals used in the analysis.  Two different types of health
effects are considered in this analysis:  nonthreshold (carcinogenic) effects and
threshold (noncarcinogenic) effects.

For carcinogenic effects, the relevant intake is the total cumulative intake
averaged over a lifetime, because the quantitative dose-response function for
carcinogens is based on the assumption that cancer results from cumulative
lifetime exposures to carcinogenic agents.  The cumulative intake or dose is then
averaged over a lifetime to provide an estimate of intake or dose of carcinogens
expressed in units of mg/kg-day.  Thus, for potentially carcinogenic chemicals, the
averaging time (AT) is equal to 75 years (EPA, 1997a).

In this analysis, noncarcinogenic effects are evaluated for potential chronic
exposures.  The relevant intake or dose is based on the daily intake averaged over



Iing&f '
Cfish @ RF @ IR @ CF @ ABS @ EF @ ED

BW @ AT

Baseline Human Health and Ecological Risk Assessment

5-14 Human Health Risk Assessment

the exposure period.  The quantitative dose-response function for noncarcinogenic
effects is based on the assumption that effects occur once a threshold dose
resulting from exposure is attained (EPA, 1989a).  For noncarcinogenic effects,
the averaging time (AT) is equal to the period of exposure for the receptor.

5.4.2 Generalized Assumptions for Exposure Analysis
In this section, the calculated intake or dose per event is discussed for seven routes
of exposure:  ingestion of fish, ingestion of waterfowl, ingestion of water, dermal
contact with water, inhalation of volatiles, incidental ingestion of sediment, and
dermal contact with sediment.

Ingestion of Fish
The intake or dose for the ingestion of fish pathway is calculated based on the
equation (EPA, 1989a; EPA, 1997a):

where:

I = intake from ingestion of fish (mg/kg-BW-day)ing-f

Cfish = chemical concentration in fish (mg/kg-fish)
RF = reduction factor (unitless)
IR = fish ingestion rate (g-fish/day)
CF = conversion factor (10  kg/g)-3

ABS = ingestion absorption factor (fraction absorbed)
EF = exposure frequency (days/year)
ED = exposure duration (years)
BW = body weight (kg)
AT = averaging time (days)

The concentrations of the chemicals in fish (Cfish) are discussed in Section 5.5.
The reduction factor (RF) is a number between 0 and 1 that describes the fraction
of the chemicals originally in the fresh caught fish remaining after the fish has
been gutted, scaled, trimmed, and cooked.  The ingestion rate (IR) is the amount
of fish ingested per day or event.  The absorption factor (ABS) is the fraction of
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chemical absorbed during ingestion and is chemical-specific, although it is
generally assumed to be 100 percent, which is conservative.  This assumption is
also reasonable.  The oral cancer slope factors and oral reference doses for COPCs
are generally based on ingestion studies in animals.  Therefore, it is expected that
absorption from ingestion of fish will be similar to absorption in the animal study,
so setting ABS to 100 percent is reasonable.  For example, the cancer slope factors
for PCBs are based on an oral feeding study (Brunner et al., 1996), the oral
reference dose for Aroclor 1016 is based on oral feeding studies (Barsotti and van
Miller, 1984; Levin et al., 1988; Schantz et al., 1989, 1991), and the oral
reference dose for Aroclor 1254 is also based on ingestion of PCBs in a gelatin
capsule (Arnold et al., 1993a, 1993b; Tryphonas et al., 1989, 1991a, 1991b).
Thus, absorption after ingestion of fish is likely to be similar to absorption in the
studies used as the basis for the oral cancer slope factors and oral reference doses.
The exposure frequency (EF), exposure duration (ED) and body weight (BW) are
described in the intake assumptions for specific receptors.  The averaging time
(AT) was discussed previously.

It should be noted that Cfish, RF and IR are closely related.  In this analysis,
Cfish is the concentration of COPCs in raw fish, generally skin on fillet.  The
ingestion rate (IR) is the uncooked weight of the fish portion that is eaten.
Trimming will reduce the mass of fish consumed and will reduce the concentration
if fatty parts with higher concentrations are trimmed.  Cooking will also reduce
the mass of fish, principally through water loss, but also through volatilization of
COPCs.  In many cases, the overall tissue concentrations after trimming and
cooking are similar to the concentrations in the raw, uncooked fish, but the mass
of fish has been reduced, so the total mass of COPC in the cooked fish is less than
in the uncooked fish.  In other cases, the tissue concentrations of COPCs after
trimming and cooking are less than the concentrations in the raw, uncooked fish.
In these cases the total COPCs in the fish portion has been reduced by
concentration reduction as well as reduction in the mass of fish (Andersen et al.,
1993).  The inter-relationship between Cfish, IR and RF are discussed in more
detail in Section 5.4.3.

Ingestion of Waterfowl
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The intake or dose for the ingestion of waterfowl pathway is calculated based on
the equation (EPA, 1989a; EPA, 1997a):

where:

I = intake from ingestion of waterfowl (mg/kg-BW-day)ing-wf

CWF = chemical concentration in waterfowl (mg/kg-waterfowl)
RF = reduction factor (unitless)
IR = waterfowl ingestion rate (g-waterfowl/day)
CF = conversion factor (10  kg/g)-3

ABS = ingestion absorption factor (fraction absorbed)
EF = exposure frequency (days/year)
ED = exposure duration (years)
BW = body weight (kg)
AT = averaging time (days)

The concentrations of the chemicals in waterfowl (CWF) are discussed in Section
5.5.  The reduction factor (RF) is a number between 0 and 1 that describes the
fraction of the chemical originally in the waterfowl remaining after the waterfowl
has been gutted, trimmed and cooked.  The ingestion rate (IR) is the amount of
waterfowl ingested per day or event.  The absorption factor (ABS) is the fraction
of chemical absorbed during ingestion and is chemical-specific, although it is
generally assumed to be 100 percent, which is conservative.  As discussed for the
fish ingestion pathway, this assumption is also reasonable since the oral cancer
slope factors and oral reference doses for COPCs are generally based on ingestion
studies in animals.  The exposure frequency (EF), exposure duration (ED) and
body weight (BW) are described in the intake assumptions for specific receptors.
The averaging time (AT) was discussed previously.

As with ingestion of fish, the quantities CWF, RF and IR are closely related.  This
inter-relationship is investigated in the assumptions for the hunter, in Section
5.4.3.
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Ingestion of Water
The intake or dose from ingestion of water is calculated using the equation (EPA,
1989a; EPA 1997a):

where:

I = intake from ingestion of water (mg/kg-BW-day)ing-w

CW = concentration of chemical in water (mg/L)
IR = ingestion rate (L/day)
ABS = ingestion absorption factor (fraction absorbed)
EF = exposure frequency (events/yr)
ED = exposure duration (years)
BW = body weight (kg)
AT = averaging time (days)

Concentrations of chemicals in water (CW) are discussed in Section 5.5.  The
ingestion rate (IR) is the amount of water ingested per day.  The absorption factor
(ABS) used in this equation is chemical-specific, but is generally assumed to be
100 percent, which is conservative.  As discussed for the fish ingestion pathway,
this assumption is also reasonable since the oral cancer slope factors and oral
reference doses for COPCs are generally based on ingestion studies in animals.
The exposure frequency (EF), exposure duration (ED) and body weight (BW) are
described in the intake assumptions for specific receptors.  The averaging time
(AT) was discussed previously.

Dermal Contact with Water
The absorbed intake or dose from dermal contact with water is calculated using
the equation (EPA, 1992a):
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where:

I = absorbed intake from dermal contact with water (mg/kg-BW-day)der-w

CW = concentration of chemical in water (mg/L)
SA = exposed skin surface area (cm ) =  TBS @ FBE2

TBS = total body surface area (cm )2

FBE = fraction of body exposed (unitless)
PC = permeability constant (cm/hr)
ET = exposure time (hrs/day)
EF = exposure frequency (days/year)
ED = exposure duration (years)
CF = volumetric conversion factor (L/1000 cm )3

BW = body weight (kg-BW)
AT = averaging time (days)

The concentrations of chemicals in water (CW) are discussed in Section 5.5.  The
skin surface area (SA) exposed to water is the product of the total body surface
area (TBS) and the fraction of body exposed (FBE).  The variable FBE is highly
dependent on the nature of the activity being conducted, ranging from nearly 100
percent for showering or swimming to 5 percent or less for workers contacting
water during work activities.  The permeability constants (PC) are chemical
specific and describe the rate at which the chemical moves from water through the
skin.  The exposure time (ET), exposure frequency (EF), exposure duration (ED),
and body weight (BW) are described in the intake assumptions for specific
receptors.  The averaging time (AT) was discussed previously.

The permeability constants (PC) were set to permeability coefficients or Kp values
obtained from EPA’s Dermal Exposure Assessment: Principles and Application (EPA,
1992a).  In this guidance, measured values of Kp are available for some
constituents.  These values were used when available.  For other constituents,
values for Kp were calculated using the following chemical structure activity
relationships (Potts and Guy, 1992 as reported in EPA, 1992a):
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In this equation, Kow is the octanol water partition coefficient and MW is the
molecular weight in g/mole.  The values for a number of organic COPCs were
calculated in EPA (1992a) using this equation and are presented in Table 5-6.
The value for PCBs is based on hexachlorobiphenyl, while the value for
dioxins/furans is based on 2,3,7,8-TCDD.  Values for inorganic compounds are
also presented in Table 5-6.  The value for arsenic is the default value for
inorganics of 0.001 cm/hr (EPA, 1992).  The value for lead in Table 5-6 is a
measured value for lead acetate provided in EPA (1992a).  The value for mercury
is a measured value for mercuric chloride (EPA, 1992a).

For PCB Aroclors, PCB congeners, dioxin congeners except 2,3,7,8-TCDD and
furan congeners, there were no values for Kp in EPA (1992a).  Thus, values for
Kp were calculated for these COPCs using the above equation.  The inputs (K ,ow

MW) and results (Kp) are presented in Table 5-7 for these COPCs.  The sources
of the K  and MW values were Mackay et al. (1992a) and Mackay et al. (1992b).ow

It should be noted that the structure activity relationship provided above was
developed for chemicals with much higher solubilities and lower values of Kow

than the organic COPCs considered in this assessment.  Therefore, there is
significant uncertainty associated with the use of these permeability coefficients
to assess dermal uptake from water.

Inhalation of Volatiles
For inhalation, the dose per event is estimated using the formula (EPA, 1989a;
EPA 1997a):

where:

I = intake from inhalation (mg/kg-BW-day)inhal

CA = concentration of chemical in air (mg/m )3

IR = inhalation rate (m /hr)3

ABS = inhalation absorption factor (fraction absorbed)



Iing&s '
CS @ IR @ CF @ FI @ ABS @ EF @ ED

BW @ AT

Baseline Human Health and Ecological Risk Assessment

5-20 Human Health Risk Assessment

ET = exposure time (hours/day)
EF = exposure frequency (days/year)
ED = exposure duration (years)
BW = body weight (kg)
AT = averaging time (days)

The concentrations of chemicals in the air (CA) are the ambient air
concentrations of chemicals volatilized from the surface water and are discussed
in Section 5.5.  The inhalation rate (IR) is the average rate of respiration for
individuals per hour.  This rate is dependent on the age and the average activity
level of the individual and is selected specifically for each receptor.  The inhalation
absorption factor (ABS) is chemical-specific, but is assumed to be 1 or 100
percent for all chemicals and receptors, implying that all of the inhaled chemicals
are assimilated into the body.  This is a conservative and, consequently, health
protective assumption.  This assumption is also reasonable since inhalation cancer
slope factors and inhalation reference doses are generally derived based on the
delivered dose from inhalation and not the absorbed dose.  Exposure time (ET),
exposure frequency (EF), and exposure duration (ED) are dependent on the
exposure scenario for the individual receptors and are defined in the intake
assumptions for each receptor.  The body weight (BW) is also receptor-specific.
The averaging time (AT) was discussed previously.

Incidental Ingestion of Sediment
The intake or dose for the incidental ingestion of sediment pathway is calculated
based on the equation (EPA, 1989a; EPA, 1997a):

where:

I = intake from incidental ingestion of sediment (mg/kg-BW-day)ing-s

CS = chemical concentration in sediment (mg/kg-sediment)
IR = incidental sediment ingestion rate (mg-sediment/day)
CF = conversion factor (10  kg/mg)-6
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FI = fraction of daily incidental sediment ingestion occurring on-site
(unitless)

ABS = ingestion absorption factor (fraction absorbed)
EF = exposure frequency (days/year)
ED = exposure duration (years)
BW = body weight (kg)
AT = averaging time (days)

The concentrations of the chemicals in sediment (CS) are discussed in Section
5.5.  The ingestion rate (IR) is the amount of sediment incidentally ingested per
day or event.  The fraction ingested (FI) is the percent of the daily intake of
sediment that occurs at the site.  The absorption factor (ABS) is the fraction of
chemical absorbed during ingestion and is chemical-specific, but is generally
assumed to be 1 or 100 percent, which is conservative.  The exposure frequency
(EF), exposure duration (ED) and body weight (BW) are described in the intake
assumptions for specific receptors.  The averaging time (AT) was discussed
previously.

The sediment absorption factors used in this analysis are presented in Table 5-8.
With one exception, these factors are 100 percent, which conservatively assumes
all chemicals present in the sediment are absorbed to the same extent that the
chemical was absorbed in the toxicological study or studies used as the basis for
either the oral cancer slope factor or oral reference dose.  While it is likely that
chemicals are not absorbed as readily from ingested sediment as from food (the
vehicle generally used in animal studies to deliver the chemical), no or very
limited experimental studies exist for quantifying absorption from sediment or soil
for any COPCs except arsenic.  The absorption factor for arsenic was set to 32
percent based on a study by Freeman et al. (1993).  The study by Freeman et al.
(1993) evaluated the bioavailability of arsenic in soil, and these results are
assumed to be applicable to sediment.  The oral cancer slope factor for arsenic is
based on epidemiological data for individuals exposed to high levels of arsenic in
well water.  In the study by Freeman et al. (1993), the bioavailability of arsenic
via ingestion of soils was estimated to be 24 percent with a standard deviation of
3.2 percent (Freeman et al., 1993).  This bioavailability value was based on a
comparison of excretion data from two groups of prepubescent male and female
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SPF New Zealand white rabbits, each of which was administered varying levels of
arsenic either in soil, or intravenously.  The experimentally derived bioavailability
value of 24 percent for arsenic was adjusted upwards to 30 percent for this
analysis, which is about 2 standard deviations above the mean and provides a
conservative estimate of the bioavailability of arsenic in soil for the inadvertent
ingestion scenarios.  Since bioavailability in soil was measured relative to
intravenously administered arsenic, this absorption factor must be modified
relative to the absorption of arsenic in the epidemiological study used to derive
the cancer slope factors and reference doses.  The absorption of arsenic from water
is estimated to be 95 percent (Dollarhide, 1993).  Thus, the soil absorption factor
is 0.30/0.95 or 32 percent and this value was used in this analysis for absorption
of arsenic from incidentally ingested sediment.

Dermal Contact with Sediment
The absorbed intake or dose per event from dermal contact with sediment is
estimated using the equation (EPA, 1989a; EPA, 1992a):

where:

I = absorbed dose from dermal contact with sediment (mg/kg-BW-day)der-s

CS = concentration of the chemical in sediment (mg/kg)
CF = conversion factor (10  kg/mg)-6

SA = exposed skin surface area (cm /event) = TBS @ FBE2

TBS = total body surface area (cm )2

FBE = fraction of the body exposed (unitless)
AF = sediment adherence factor (mg/cm )2

ABS = skin absorption factor (unitless)
FC = fraction of the day that contact with sediment occurs at the site

(unitless)
EF = exposure frequency (events/year)
ED = exposure duration (years)
BW = body weight (kg)
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AT = averaging time (days)

Concentrations of chemicals in sediment (CS) are discussed in Section 5.5.  The
skin surface area (SA) exposed to sediment is the product of the total body surface
area (TBS) and the fraction of body exposed (FBE).  The fraction of body exposed
(FBE) is dependent on the nature of the activity being conducted and the age and
type of the individuals involved.  The sediment adherence factor (AF) is the
density of sediment adhering to the exposed fraction of the body.  The skin
absorption factor (ABS) is the percentage of the chemical absorbed during dermal
contact with sediment.  The fraction of the day that contact occurs (FC) is the
percent of time that sediment contact occurs at the site.  The exposure frequency
(EF), exposure duration (ED) and body weight (BW) are receptor specific.  The
averaging time (AT) was discussed previously.

The dermal absorption factors used in this analysis are presented in Table 5-9.
EPA Region III performed a review of dermal absorption data and developed
dermal absorption factors for absorption from soil for a number of chemicals
(EPA, 1995a).  Absorption factors are used to reflect the desorption of the
chemical from soil and the absorption of the chemical across the skin and into the
bloodstream (EPA, 1989a).  The Region III guidance (EPA, 1995a) summarizes
chemical-specific and general (for classes of compounds) absorption factors that
have been found in the limited database available.  The factors were compiled
from existing national guidance and peer-reviewed scientific literature.  It is
recommended that these numbers be used as defaults for the ABS parameter when
calculating reasonable maximum exposures (RME) to soil in the absence of
chemical-specific and site-specific information (EPA, 1995a).  For this evaluation,
it was assumed that dermal absorption from sediment would be similar to dermal
absorption from soil.  A value of 6 percent is recommended for PCBs (EPA,
1995a).  A value of 3 percent is recommended for chlorinated dioxins/furans
based on the dermal absorption of 2,3,7,8-TCDD (EPA, 1995a).  The 10 percent
value is recommended as a conservative assumption of ABS for pesticides
including dieldrin and DDT and its metabolites (EPA, 1995a).  A value of 3.2
percent is recommended for arsenic while 1 percent is recommended for all other
metals and inorganics (EPA, 1995a).
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5.4.3 Specific Intake Assumptions for Receptors
As discussed previously, the critical receptors associated with the Lower Fox River
and Green Bay are:

C Recreational anglers
C Subsistence anglers
C Hunters
C Drinking water users
C Local residents
C Recreational water users
C Marine construction workers

A detailed discussion of the intake assumptions for evaluating potential exposures
to these receptors is provided below.  For some of these receptors, two exposure
scenarios are presented:  a reasonable maximum exposure or RME scenario (to
represent high-end exposures) and a central tendency exposure or CTEs scenario
(to represent more typical exposures).  Differences in intake assumptions for the
two scenarios are described in the subsections below.

Overview of Possible Fish Ingestion Assumptions
Recreational Anglers.  There are reportedly about 47,000 licensed anglers who reside

in counties immediately adjacent to the Lower Fox River and Green Bay.  Table
5-10 summarizes intake assumptions for the general recreational angler
population based on three surveys of the recreational angling population:  a 1989
survey of Michigan anglers (West et al., 1989), a 1993 follow-up survey of
Michigan anglers (West et al., 1993) and a 1989 study of Wisconsin anglers
(Fiore et al., 1989).  Two types of intake assumptions are provided, one based on
upperbound values, termed the reasonable maximum exposure (RME) scenario,
and one based on mean or median values, termed the central tendency exposure
(CTE) scenario.

The intake assumptions which differ between the studies are the daily ingestion
rate (IR) and the exposure frequency (EF).  West et al. (1989; 1993) estimated
the average amount of fish consumed at each meal (IR) by showing anglers a
picture of an 8 oz. (227g) portion of cooked fish and asked if they ate more or less
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or about this much fish at each meal.  The responses were used to derive a
distribution of fish consumption per meal.  West et al. (1989; 1993) also
determined a distribution of the number of meals per year (EF) of sport-caught
fish that were consumed.  This data was combined by EPA (1997a) and SAIC
(1995) in a probabilistic analysis to determine a distribution of fish consumed per
day normalized over 365 days per year.  These values of IR and EF are reported
in Table 5-10 for the two West studies.  For the 1989 study, the 95  percentileth

for IR is 39 g/day (RME) and the mean is 12 g/day (CTE).  Since the data were
normalized over 365 days per year, EF is 365 days per year for both the RME and
CTE scenarios.  For the 1993 study, the 95  percentile for IR is 78 g/day (RME)th

and the mean is 17 g/day (CTE).  Once again, since the data were normalized over
365 days per year, EF is 365 days per year for both the RME and CTE scenarios.

In the Fiore et al. (1989) study, the number of meals of sport fish consumed each
year were determined.  Fiore did not determine the quantity of fish consumed in
each meal during their study.  However, the Wisconsin Department of Health and
Social Services performed follow-up studies where various quantities of uncooked
fish were shown to anglers and these studies demonstrated that a typical meal size
is 8 oz. (227g) of uncooked fish.  These studies are the basis for the 8 oz. of
uncooked fish which is used in the Protocol for a Uniform Great Lakes Sport Fish
Consumption Advisory (Andersen et al., 1993) to determine acceptable
concentrations of PCBs in fish.  With this background, the amount of fish
consumed per meal (IR) was set to 227g/day for both the RME and CTE
scenarios.  The number of meals consumed per year (EF) was set to 60 days/year
for the RME scenario and 18 days/year for the CTE scenario.

Subsistence Anglers.  Subsistence anglers are individuals who would not be able to
meet their daily nutritional requirements if they could not supplement their diet
with sport-caught fish.  Three such subpopulations are considered here:

C Low-income minorities
C Native Americans
C Hmong
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The number of low-income minority anglers is not known, but the 1993 West
study identified about 2.8 percent of the angling population surveyed as low-
income minority.  The low-income minority population was about 37 percent of
the total number of minority anglers in the 1993 West study.  If the general
angling population is 47,000 individuals, then the number of low-income
minority anglers is about 1,300 individuals.  The two Native American tribes
which are closest to the Lower Fox River and Green Bay are the Oneida and
Menominee.  The number of anglers in these tribes is not known at this time,
although the Oneida currently have about 6,800 people living on the reservation
in Brown or Outagamie counties or the Milwaukee area, and about 1,750 people
living elsewhere in Wisconsin.  Hutchison and Kraft (1994) indicate that the
population of Hmong in Green Bay-Brown County was 2,000 individuals in the
1990 census.  Hutchison and Kraft (1994) report that about 58 percent of these
households have at least one family member who fishes.  If there are similar
numbers of people in angling and nonangling households, then approximately
1,200 Hmong live in households where at least one person fishes.

Table 5-11 summarizes intake assumptions for the subpopulations of subsistence
anglers.  As with the recreational angler, values for the amount of fish consumed
per meal (IR) and the number of meals per year (EF) varied depending on the
study used as the basis.  West et al. (1993) provides consumption data for low-
income, minority anglers.  The intake rates developed in this study are daily
intakes averaged over a year.  Thus, IR is 110 g/day for the RME scenario and
43g/day for the CTE scenario and EF is 365 days/year.

There are no sport fish consumption data for the two tribes closest to the Lower
Fox River and Green Bay, but these consumption patterns are being assessed now
as part of the Natural Resources Damage Assessment (NRDA).  Peterson et al.
(1994) evaluated the fish consumption patterns of the Chippewa tribe in northern
Wisconsin.  His data indicate that these individuals consume about 50 percent
more fish (sport fish and commercial fish) than the general Wisconsin anglers
surveyed by Fiore et al. (1989).  The Exposure Factors Handbook (EPA, 1997a)
states that “several studies show that intake rates of recreationally caught fish
among Native Americans with state fish licenses (West et al., 1989; Ebert et al.,
1993) are somewhat higher (50 to 100 percent) than intake rates among other
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anglers.”  While Peterson et al. (1994) did not specifically identify intake rates for
sport caught fish, their result of 50 percent higher consumption of fish overall was
applied to the Fiore data.  Thus, IR was assigned the value of 227 g/day based on
the follow-up to the Fiore et al. (1989) study and EF was assigned a value of 90
days per year for the RME scenario and 27 days/year for the CTE scenario.

There are two studies of Hmong sport fish consumption patterns for Hmong
living in Green Bay.  The first study (Hutchison and Kraft, 1994) surveyed overall
sport fish consumption patterns.  The second study (Hutchison, 1998) examined
consumption of fish from the Lower Fox River between the De Pere dam and the
mouth of the river at Green Bay.  Hutchison (1994) also performed another study
of Hmong angling habits which focused on Hmong living in Sheboygan,
Wisconsin.  The first study (Hutchison and Kraft, 1994), which examined the
consumption of all sport fish, generated an average frequency of 34 meals/year
and a 95  percentile of 130 meals/year (based on 2.5 meals per week; see Tableth

5-12).  The second study (Hutchison, 1998), which examined consumption of
fish caught from the Lower Fox River from De Pere to the river mouth in Green
Bay, generated an average of 9.5 meals/year and a 95  percentile of 52 meals/yearth

(see Table 5-13).  In the first study (Hutchison and Kraft, 1994), it was noted
that the Lower Fox River was the preferred fishing location for only 17 percent
of anglers surveyed, so the first study probably overestimates fish consumption
from the Lower Fox River and Green Bay within the Hmong angling population.
In the second study (Hutchison, 1998), it was noted that anglers who fish in the
Lower Fox River from De Pere to the river mouth may also fish in Little Lake
Butte des Morts, which is also part of the Lower Fox River, so the second study
may underestimate fish consumption from the Lower Fox River and Green Bay.

The results of both studies are presented in Table 5-11.  For the first study
(Hutchison and Kraft, 1994), EF is set to 130 days/year for the RME scenario and
34 days/year for the CTE scenario.  For the second study (Hutchison, 1998), EF
is set to 52 days/year for the RME scenario and 9.5 days/year for the CTE
scenario.  The size of the meal was not quantified in either study, but Hutchison
(1994) did estimate meal size in his study of Hmong fish habits in Sheboygan,
Wisconsin.  Table 5-14 summarizes the results of showing anglers 1/3- and 1/2-
pound servings of raw fillets and asking the anglers how much fish they ate at
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each meal.  The most frequent response was “other,” but for the respondents who
identified 1/3, 1/2 or 1 pound as the meal size, the average is 0.52 pounds, or
about 8 oz. (227 g).  Thus, amount of fish consumed per meal (IR) was set to 227
g/day.

Reduction Factors.  This section discusses the reduction factors (RF) used for fish.  The
reduction factor for fish (RF ) depends on how the fish is sampled and analyzedfish

to generate a fish concentration (Cfish) and the meal size used in the evaluation.
In this analysis, Cfish is the concentration of COPCs in raw fish, generally skin
on fillet.  Trimming will reduce the mass of fish consumed and will reduce the
concentration if fatty parts with higher concentrations are trimmed (Andersen et
al., 1993; Zabik et al., 1993; Stachiw et al., 1988; Zabik et al., 1982).  Cooking
will also reduce the mass of fish, principally through water loss, but also through
volatilization of COPCs (Andersen et al., 1993; Zabik et al., 1993; Stachiw et al.,
1988; Zabik et al., 1982).  In many cases, the overall tissue concentrations after
trimming and cooking are similar to the concentrations in the raw, uncooked fish,
but the mass of fish has been reduced, so the total mass of COPCs in the cooked
fish is less than in the uncooked fish.  In other cases, the tissue concentrations of
COPCs after trimming and cooking are less than the concentrations in the raw,
uncooked fish.  In these cases the total mass of COPCs in the fish portion has
been reduced by concentration reduction as well as reduction in the mass of fish
(Andersen et al., 1993).

The meal size estimated by West et al., (1989, 1993), Fiore et al., (1989) and
Humphrey (1994) are all about 8 oz. or 227 g on average.  The meal size for
West et al., (1989, 1993) is for cooked fish, whereas the meal size for Fiore et al.,
(1989) and Humphrey (1994) are for uncooked portions.  Given the qualitative
nature of estimating meal size by respondents to the various surveys, reduction
factors have been determined for an uncooked portion.  This approach is
consistent with the Protocol for a Uniform Great Lakes Sport Fish Consumption
Advisory (Andersen et al., 1993).

In the Protocol for a Uniform Great Lakes Sport Fish Consumption Advisory, Andersen
et al. (1993) review the effects of trimming fat, skin removal, and cooking on the
reduction of chemical concentrations in fish.  For PCBs, DDT, mirex and DDE,
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they report reductions from trimming ranging from 43 to 90 percent and
recommend a value of 20 percent for reduction due to trimming.  For PCBs,
DDT, DDE, dieldrin, and mirex, they report reductions of 0 to 80 percent due to
cooking, with most values between 20 and 70 percent.  They recommend using
30 percent as the reduction factor for cooking.  Since most of the fillet data
available for the Lower Fox River and Green Bay are from samples with the skin
on and skin accumulates lipophillic chemicals, a reduction factor of 50 percent
(20 percent for trimming and 30 percent for cooking) was used in this analysis for
organic chemicals.  In addition, West et al. (1993) reported that 43.9 percent of
anglers did not trim the fat, and 36.5 percent did not remove the skin.  Since
mercury is not lipophillic, no reduction by trimming and cooking has been
applied.  Similarly, no reduction has been applied for arsenic or lead.

Recreational Anglers
Recreational anglers are individuals who fish in the Lower Fox River and Green
Bay.  The Lower Fox River and Green Bay support a variety of sport and nonsport
fish as discussed previously.  Recreational anglers are exposed to chemicals in the
river and bay through the ingestion of fish.  These individuals are also exposed to
chemicals in the river and bay through incidental ingestion of water during
fishing, dermal contact with water during fishing, and inhalation of chemicals
volatilized into the air from surface water.  The exposures via water ingestion and
dermal contact are likely to be sporadic, since recreational anglers are not
intentionally entering the water.

For the recreational angler, intake assumptions are provided for an RME scenario
and a CTE scenario.  The intake assumptions for the RME scenario are provided
in Table 5-15, and the intake assumptions for the CTE scenario are provided in
Table 5-16.  The intake assumptions for the RME scenario are discussed first.
After all the intake assumptions for the RME scenario are presented, the intake
assumptions for the CTE scenario which differ from those in the RME scenario
are discussed.

The body weight (BW) for the recreational angler was set to 71.8 kg the average
adult female and male body weight (EPA, 1997a).  The exposure frequency (EF)
is pathway-specific.
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The exposure duration (ED) is difficult to assess since this is the duration of time
a recreational angler is located in the Lower Fox River and Green Bay area and
might thereby fish in these water bodies.  The time spent at a particular residence
provides a lower bound on ED.  However, an individual can move from one
residence to another in the same area.  The Exposure Factors Handbook (EPA,
1997a) indicates there is a 62 percent chance that a move will be within the same
county, an 18 percent chance the move will be to another county in the same
state, and only a 20 percent chance the individual will move outside the state.
Assuming that half the moves to a different county within the state are still within
the Lower Fox River and Green Bay area, then about 70 percent of all moves are
within this area.  Initially, it is assumed that the average time that an individual
born in this area spends in the area is about 30 years.  It is further assumed that
an RME value is 50 years.  This ED is set to 50 years for this receptor.

The averaging time (AT) for evaluating carcinogenic effects is 365 days/year over
a 75-year lifetime, while the AT for evaluating noncarcinogenic effects is the
exposure duration times 365 days/yr (EPA, 1989a), or 18,250 days.

For the fish ingestion pathway, the ingestion rate (IR) was based on the West et
al., (1989) and West et al., (1993) studies.  For the RME scenario, the average of
the West et al., (1989) and West et al., (1993) values in Table 5-10, 59 g/day, was
used for IR and EF was set to 365 days/year.  The reduction factor (RF) to
account for chemical loss due to trimming and cooking is a chemical-specific value
and is discussed in Section 5.5.  The absorption factors (ABS) for ingestion of fish
are assumed to be 100 percent for all chemicals.

For the incidental surface water ingestion pathway, the RME value for EF is 95
days/year, which assumes the number of fishing events equals the number of fish
meals per year for this receptor.  The daily incidental ingestion rate (IR) for
surface water was 20 ml/day, which is based on the approximate amount for one
mouthful of water.  It was conservatively assumed that incidental ingestion of
water would occur once every 10 fishing trips, so the fraction ingested (FI) was
assumed to be 10 percent.  The absorption factors (ABS) for incidental ingestion
of surface water are also assumed to be 100 percent for all chemicals.
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For the dermal contact with surface water pathway, the RME value for EF is 95
days/yr, the same as for incidental ingestion of water.  The exposure time (ET) for
contact with surface water is assumed to be 15 minutes throughout the day, or
0.25 hr/day.  The total body surface area (TBS) used for the RME exposure
scenario was 21,850 cm  (the average of the upper-bound values for adult men2

and women; EPA, 1997a).  It was assumed that hands and forearms were the
exposed body parts that would come in contact with water.  This corresponds to
a fraction of the body exposed (FBE) as 5.15 percent (the average for men and
women; EPA, 1997a), and an exposed skin area (SA) of 1,125 cm .  The dermal2

permeability constants (PC) are chemical-specific and were assumed to be equal
to the Kp values presented in Table 5-6.

For the volatile inhalation pathway, it was assumed the recreational angler could
potentially inhale constituents each day they fish, so the value for EF is 95
days/year.  Exposure time (ET) was set at 6 hours/day, based on professional
judgement.  The inhalation rate (IR) for an angler was assumed to be 1.0 m /hr,3

which is the EPA’s recommended value for adults involved in light activity (EPA,
1997a).  The absorption factor (ABS) for inhalation was conservatively assumed
to be 100 percent for all chemicals.

Table 5-16 provides a list of specific intake assumptions for the recreational angler
to evaluate a CTE scenario.  Many of the exposure assumptions are similar to the
RME scenario; however, the following values are different.  The exposure duration
(ED) was set to 30 years, the assumed average time an individual lives in the
Lower Fox River and Green Bay area.  As a result, the noncarcinogenic averaging
time (AT) is equal to 10,950 days.  For the fish ingestion pathway, the ingestion
rate (IR) for the CTE scenario is 15 grams/day which is the average of the CTE
values for West et al., (1989; 1993) in Table 5-10.  Using the assumption that the
number of fishing events equals the number of fish meals, the EF for each surface
water pathway was changed to 24 days/year.  The total body surface area was set
to 18,150 cm , which represents the average of the mean values for adult men and2

women (EPA, 1997a).  Subsequently, the surface area exposed to water (5.15
percent of the total) is equal to 935 cm .2

Subsistence Anglers
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Subsistence anglers are individuals who would not be able to meet their daily
nutritional requirements if they could not supplement their diet with sport-caught
fish.  Thus, the frequency with which a subsistence angler will consume
potentially contaminated fish is significantly higher for the subsistence angler, as
opposed to the recreational angler.  The exposure pathways for the subsistence
angler are the same as those for the recreational angler.

For the subsistence angler, intake assumptions are provided for an RME scenario
and a CTE scenario.  The intake assumptions for the RME scenario are provided
in Table 5-17, and the intake assumptions for the CTE scenario are provided in
Table 5-18.  The intake assumptions for the RME scenario are discussed first.
After all the intake assumptions for the RME scenario are presented, the intake
assumptions for the CTE scenario which differ from those in the RME scenario
are discussed.

The body weight (BW) for the subsistence angler was set to 71.8 kg (EPA,
1997a).  The exposure frequency (EF) is pathway-specific.  For the RME exposure
scenario, the exposure duration (ED) was set to 50 years, the same as for the
recreational angler.

For the fish ingestion pathway, the ingestion rate (IR) and exposure frequency
were determined from the data for Hutchison and Kraft (1994) in Table 5-11.
The value of IR is 227 g/day and EF is 130 days per year.  The reduction factor
(RF) to account for chemical loss due to trimming and cooking is a chemical-
specific value and is discussed in Section 5.5.  The absorption factors (ABS) for
ingestion of fish are assumed to be 100 percent for all chemicals.

For the incidental surface water ingestion pathway, the value for EF is 130
days/year, based on the assumption that the number of fishing events is equal to
the number of fish meals per year for this receptor.  The daily incidental ingestion
rate (IR) for surface water was 20 ml/day, which is based on the approximate
amount for one mouthful of water. It was assumed that incidental ingestion of
water would occur once every 10 fishing trips, so the fraction ingested (FI) was
conservatively assumed to be 100 percent.  The absorption factors (ABS) for
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incidental ingestion of surface water are also assumed to be 100 percent for all
chemicals.

For the dermal contact with surface water pathway, the EF is 130 days/yr, the
same as for incidental ingestion of water.  The exposure time (ET) for contact
with surface water is assumed to be 30 minutes throughout the day, or 0.5 hr/day.
The total body surface area (TBS) used for the RME exposure scenario was
21,850 cm  (the average of the upper-bound values for adult men and women;2

EPA, 1997a).  It was assumed that hands were the exposed body parts that would
come in contact with water.  This corresponds to a fraction of the body exposed
(FBE) as 5.15 percent (the average for men and women; EPA, 1997a), and an
exposed skin area (SA) of 1,125 cm .  The dermal permeability constants (PC) are2

chemical-specific and were assumed to be equal to the Kp values presented in
Table 5-6.

For the volatile inhalation pathway, it was assumed the subsistence angler could
potentially inhale constituents each day they fish, so the value for EF is 130
days/year.  Exposure time (ET) was set at 4 hours/day, based on professional
judgement.  The inhalation rate (IR) for an angler was assumed to be 1.0 m /hr,3

which is the EPA’s recommended value for adults involved in light activity (EPA,
1997a).  The absorption factor (ABS) for inhalation was conservatively assumed
to be 100 percent for all chemicals.

Table 5-18 provides a list of specific intake assumptions for the subsistence angler
to evaluate the CTE scenario.  Many of the exposure assumptions are similar to
the RME scenario; however, the following values are different.  The exposure
duration (ED) was set to 30 years, the same value used for the recreational angler
for the CTE scenario.  As a result, the non-carcinogenic averaging time (AT) is
equal to 10,950 days.  For the fish ingestion pathway, the exposure frequency
(EF) is 34 days/year based on data from Hutchison and Kraft (1994) presented
in Table 5-11.  Using the assumption that the number of fishing events equals the
number of fish meals, the EF for each surface water pathway was changed to 34
days/yr.  The total body surface area was set to 18,150 cm , which represents the2

average of the mean values for adult men and women (EPA, 1997a).
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Subsequently, the exposed surface area (5.15 percent of the total) is equal to 935
cm .2

Hunters
Hunters are individuals who hunt waterfowl in the Lower Fox River and Green
Bay.  These individuals may be exposed to chemicals through ingestion of
waterfowl.  Like anglers, these individuals may also be exposed to constituents in
the river and bay through inhalation of chemicals volatilized into the air from the
surface water, incidental ingestion of water contacted during hunting, and dermal
contact with water contacted during hunting.  The exposures via water ingestion
and dermal contact are likely to be low for this receptor, since hunters may not
contact the water at all.

For the hunter, intake assumptions are provided for an RME scenario and a CTE
scenario.  The intake assumptions for the RME scenario are provided in Table
5-19, and the intake assumptions for the CTE scenario are provided in Table
5-20.  The intake assumptions for the RME scenario are discussed first.  After all
the intake assumptions for the RME scenario are presented, the intake
assumptions for the CTE scenario which differ from those in the RME scenario
are discussed.

The body weight (BW) for the hunter was set to 71.8 kg (EPA, 1997a).  The
exposure frequency (EF) is pathway-specific.  The exposure duration (ED) is 50
years, based on the same assumptions of population mobility that were used for
the recreational angler.  The averaging time (AT) for evaluating carcinogenic
effects is 365 days/year over a 75 year lifetime, while the AT for evaluating
noncarcinogenic effects is the exposure duration times 365 days/yr (EPA, 1989a),
or 18,250 days.

For the waterfowl ingestion pathway, the value for EF is the number of meals per
year and was set at 12 meals per year for the RME scenario, based on information
presented by Amundson (1984).  In this study, Illinois goose hunters were
surveyed to establish eating habits and consumption rates.  The group of hunters
was selected on the basis of having claimed to shoot an average of five or more
geese per year.  The survey included questions regarding the consumption
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frequency of the hunters and their family members.  The results of the survey
indicated an average consumption of approximately three geese per year, with a
maximum of about six geese per year.  Because the Amundson (1984) study only
considered Canada geese, and not other commonly eaten waterfowl such as duck,
these values have been doubled for the RME and CTE scenarios in this assessment
(i.e., values of 12 meals/year and 6 meals/year are incorporated).  The
representative meal size (IR) was set to 110 grams/meal (reasonable maximum
from Pao et al., 1982).  This is likely to be the meal size after cooking.

The reduction factor (RF) to account for chemical loss due to cooking is set equal
to 100 percent based on information presented by Amundson (1984).  One goal
of this study was to determine the influence of cooking on raw residue levels in
edible portions of Canada geese.  Amundson sampled raw breast skin and raw
breast meat for dieldrin, heptachlor, DDE, and Aroclor 1254.  Then, the birds
were baked for 3 hours, and the tissues were sampled again.  Although
concentrations of all chemicals showed reduction in skin samples after cooking,
results were inconclusive for the breast meat samples.  Both DDE and Aroclor
1254 showed a slight increase in concentration after cooking.  Because of the
inconclusive results, the reduction factor was conservatively set to 100 percent
(i.e., no reduction) for all constituents.  The absorption factors (ABS) for
ingestion of waterfowl are assumed to be 100 percent for all chemicals.

For the incidental surface water ingestion pathway, the EF for a hunter is 12
days/year, which assumes the number of days when hunting occurs equals the
number of waterfowl meals per year for this receptor.  The daily incidental
ingestion rate (IR) for surface water was 20 ml/day, which is based on the
approximate amount for one mouthful of water.  Exposure is assumed to occur 10
percent of the time the hunter visits the site, so the fraction ingested (FI) was
assumed to be 10 percent.  The absorption factors (ABS) for incidental ingestion
of surface water are assumed to be 100 percent for all chemicals.

For the dermal contact with surface water pathway, the EF is 12 days/yr, the same
as for incidental ingestion of water.  The exposure time (ET) for contact with
surface water is assumed to be 15 minutes throughout the day, or 0.25 hr/day.
The total body surface area (TBS) used for the RME scenario was 21,850 cm2
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(the average of the upper-bound values for adult men and women; EPA, 1997a).
It was assumed that only the hands of a hunter would be exposed to surface water.
This corresponds to a fraction of the body exposed (FBE) as 5.15 percent (the
average for men and women; EPA, 1997a), and an exposed skin area (SA) of
1,125 cm .  The fraction of the surface water contacted at the site (FC) was2

assumed to be 100 percent, which is conservative and health protective.  The
dermal permeability constants (PC) are chemical-specific and were assumed to be
equal to the Kp values presented in Table 5-6.

For the volatile inhalation pathway, it was assumed the hunter could potentially
inhale constituents each day they hunted, so the value for EF is 12 days/year.
Exposure time (ET) was set at 8 hours/day, based on professional judgement.  The
inhalation rate (IR) for a hunter was assumed to be 1.0 m /hr, which is the EPA’s3

recommended value for adults involved in light activity (EPA, 1997a).  The
absorption factor (ABS) for inhalation was conservatively assumed to be 100
percent for all chemicals.

Table 5-20 provides a list of specific intake assumptions for the hunter to evaluate
the CTE scenario.  Many of the exposure assumptions are similar to the RME
scenario; however, the following values are different.  The exposure duration (ED)
was set to 30 years, the assumed average time an individual lives in the Lower Fox
River and Green Bay area.  As a result, the noncarcinogenic averaging time (AT)
is equal to 10,950 days.  For the waterfowl ingestion pathway, the exposure
frequency (EF) was equal to 6 meals/yr (Amundson, 1984).  Using the assumption
that the number of hunting events equals the number of waterfowl meals, the EF
values for surface water pathways were changed to 6 days/yr.  The total body
surface area was set to 18,150 cm , which represents the average of the mean2

values for adult men and women (EPA, 1997a).  Subsequently, the surface area
exposed to water (5.15 percent of the total) is equal to 935 cm .2

Drinking Water Users
Drinking water users are individuals that use water from the Lower Fox River or
Green Bay as either a primary or secondary source of drinking water.  Potential
exposures associated with direct use of water include ingestion, dermal contact
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during bathing, cooking and other household uses of water, and inhalation of
chemicals volatilized into the air during showering and other uses.

Table 5-21 provides a list of the specific intake assumptions used for the drinking
water users.  Specific assumptions have been made only for the RME scenario.
In addition, the assumptions for this receptor have been divided into two age
groups, a young child 1 to 6 years of age and an older child and adult who is 7
years or older.

The averaging time (AT) for evaluating carcinogenic effects is 365 days/year over
a 75-year lifetime.  To be consistent with EPA conventions for evaluating drinking
water exposure, the duration of time spent in a residence is used to specify the
total exposure period.  For the RME scenario, the upper-bound value of 30 years
in a residence (EPA, 1997a) has been used, with the first 6 years as a young child
and the remaining 24 years as an older child and adult.  The AT for evaluating
noncarcinogenic effects is 365 days/year over 30 years.

The exposure frequency (EF) is 350 days/year, the value presented in EPA
(1989a) for a resident.  The exposure duration (ED) and body weight (BW) are
specific to the age group.  For the time period as a young child, the exposure
duration (ED) is 6 years; the ED for the older child and adult is 24 years.  The
body weight for a child is 16.6 kg (based on the average values for boys and girls
age 1 to 6; EPA, 1997a) and for an adult is 71.8 kg (EPA, 1997a).

For the water ingestion pathway, the daily ingestion rate (IR) was 1.5 L/day for
the young child and 2.3 L/day for the older child and adult.  These are the upper-
percentile values presented in EPA (1997a) for a child age 3 to 5 and an adult,
respectively.  The absorption factors (ABS) for ingestion of water are assumed to
be 100 percent for all chemicals.

For the dermal contact with water pathway, the fraction of the body assumed to
be exposed (FBE) was conservatively assumed to be 100 percent, since contact
with water would occur during bathing or showering.  For young children of ages
1 through 6 years, the total body surface area (TBS) was set to the average of
values for male and female children between 5 and 6 years of age in EPA (1997a),
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which provides values of TBS for different percentiles.  Values of TBS between the
50  and 75  percentiles for male and female children were averaged to yield ath th

value of 8,105 cm  for young children.  The TBS for an older child or adult (ages2

7 through 31) was the average of the upper-bound values for adult men and
women presented in EPA (1997a) of 21,850 cm .  Specifying FBE as 100 percent2

results in exposed surface areas (SA) of 8,105 cm  and 21,850 cm  for the young2 2

child and older child/adult, respectively.

Exposure time (ET) for the young child is 20 minutes, or 0.33 hr/day, the average
time spent in the bath (EPA, 1997a).  For the older child and adult, ET is
estimated to be 15 minutes, or 0.25 hr/day.  This is the average time spent
bathing (20 minutes) or showering (10 minutes) each day (EPA, 1997a).
Presumably, all the household water is from the site, so the fraction contacted
(FC) equals 100 percent.  The dermal permeability constants (PC) are chemical-
specific were assumed to be equal to the Kp values presented in Table 5-6.

For the volatile inhalation pathway, an inhalation rate (IR) of 1.0 m /hr was used3

to evaluate exposure for both the young child and older child/adult.  These values
are based on the inhalation rates for an adult or child engaged in light activities
(EPA, 1997a).  The exposure times (ET) used were the same as those for the
dermal contact pathway, 0.33 hr/day and 0.25 hr/day for the young child and
older child/adult, respectively.  The absorption factor (ABS) for inhalation was
conservatively assumed to be 100 percent for all chemicals.

Local Residents
Local residents are individuals who live next to the Lower Fox River or Green Bay.
There are homes located along the water throughout the length of the Lower Fox
River, except in downtown Green Bay.  Potential exposures associated with living
next to the river include inhalation of chemicals volatilized into the air from the
surface water.

Table 5-22 provides a list of the specific intake assumptions used for the local
residents to evaluate the RME scenario.  Separate assumptions have not been
made for RME and CTE scenarios, as the pathway is restricted to volatile
inhalation only.  As with the drinking water user, intake assumptions have been
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developed for two age groups, the younger child aged 1 to 6 years and the older
child aged 7 years or older.

The averaging time (AT) for evaluating carcinogenic effects is 365 days/year over
a 75-year lifetime.  The duration of time spent in a residence is used to specify the
total exposure period.  Since this individual is assumed to live next to the river or
Green Bay, if they move it is unlikely to be to another house as close to the river
or Green Bay.  Thus, the time spent at one residence was used to specify the
exposure period, so the averaging time (AT) for evaluating noncarcinogenic effects
is 365 days/year over 30 years.

The exposure frequency (EF) is 350 days/year, the value presented in EPA
(1989a) for a resident.  The exposure duration (ED) and body weight (BW) are
receptor-specific.  For the time period as a young child, the exposure duration
(ED) is 6 years; the ED for the older child and adult is 24 years.  The body weight
for a child is 16.6 kg (based on the average values for boys and girls age 1 to 6;
EPA, 1997a) and for an adult is 71.8 kg (EPA, 1997a).

For the volatile inhalation pathway, an inhalation rate (IR) of 0.42 m /hr over a3

24-hour day (ET) was used to evaluate exposure for the young child.  An IR of
0.55 m /hr over a 24-hour day was used for the older child/adult.  These values are3

based on the daily rates of 10 m /day and 13.3 m /day presented in EPA (1997a).3 3

The absorption factor (ABS) for inhalation was conservatively assumed to be 100
percent for all chemicals.

Recreational Water Users
The recreational water user has been divided into two receptors for this analysis,
an adult who swims in the river or bay and an older child who wades along the
shore of the river or bay.  Potential exposures associated with swimming and
wading include inhalation of chemicals volatilized into the air from the surface
water, incidental ingestion of water, dermal contact with water, incidental
ingestion of sediment and dermal contact with sediment or sediment pore water.

Table 5-23 provides a list of the specific intake assumptions used for the
swimmer, who is assumed to be an adult.  The body weight (BW) was set to 71.8
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kg (EPA, 1997a).  The exposure frequency of 18 days/yr was based on a
conservative estimate of swimming once per week for the warmest 4 months of
the year.  The exposure duration (ED) was set at 30 years, which is the default
exposure duration for a resident (EPA, 1997a).  This value of ED is the same as
that used for the CTE anglers and hunter based on population mobility data.  The
averaging time (AT) for evaluating carcinogenic effects is 365 days/year over a 75-
year lifetime, while the AT for evaluating non-carcinogenic effects is ED times
365 days/year, or 10,950 days.

For the incidental surface water ingestion pathway, the incidental ingestion rate
(IR) was 20 ml/day, which is based on the approximate amount for one mouthful
of water.  All of this exposure is assumed to occur at the site, so the fraction
ingested (FI) was conservatively assumed to be 100 percent.  The absorption
factors (ABS) for incidental ingestion of surface water are also assumed to be 100
percent for all chemicals.

For the dermal contact with surface water pathway, the exposure time (ET) for
swimming was set to 1 hour/day, the average time for swimming per event (EPA,
1997a).  The total body surface area (TBS) was 21,850 cm  (the average of the2

upper-bound values for adult men and women; EPA, 1997a).  The fraction of the
body exposed (FBE) was assumed to be 100 percent, since this receptor would be
completely submerged while swimming.  Specifying FBE as 100 percent results in
an exposed surface area (SA) of 21,850 cm .  The dermal permeability constants2

(PC) are chemical-specific and were assumed to be equal to the Kp values
presented in Table 5-6.

For the volatile inhalation pathway, the exposure time (ET) is assumed to be 1
hour/day, the same as the time spent swimming.  The inhalation rate (IR) for a
swimmer was assumed to be 3.2 m /hr, which is the EPA’s recommended value for3

an adult engaged in heavy activity (EPA, 1997a).  The absorption factor (ABS)
for inhalation was conservatively assumed to be 100 percent for all chemicals.

The daily incidental ingestion rate (IR) for sediment was 5 mg/day, which is one-
tenth the daily soil ingestion rate presented for an adult in EPA (1997a).  It is
highly unlikely that significant sediment ingestion would occur, and in the
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absence of guidance on this pathway, the above rate was based on professional
judgement.  All of this exposure is assumed to occur at the site during the event;
thus, the fraction ingested (FI) was conservatively assumed to be 100 percent.
The absorption factors (ABS) are chemical-specific and are presented in Table 5-8.

For the dermal contact with sediment pathway, it was assumed that the feet were
the only exposed body parts that would come in contact with sediment.  This
corresponds to a fraction of the body exposed (FBE) as 6.75 percent (the average
value for men and women; EPA, 1997a), and an exposed skin area (SA) of 1,475
cm .  The sediment adherence factor (AF) of 1.0 mg/cm  was based on the upper2 2

value for soil contact from EPA’s Dermal Guidance (1992).  The dermal
absorption factors (ABS) are chemical-specific and are presented in Table 5-9.  It
should be noted that the absorption factors for direct contact with sediment are
based on contact with soil and are typically based on longer term absorption
studies (such as 24 hours or longer [EPA, 1992a]).  The swimmer probably spends
little time standing in the sediment, since their primary activity is swimming, not
wading.  If it is conservatively estimated that the swimmer spends 15 minutes
standing in sediments (one-fourth of the total time spent in the water), then this
is considerably shorter than the duration of a typical dermal absorption
experiment.  For example, EPA (1992) estimated 0.6 to 6 percent absorption of
PCBs from soil after 24 hours of contact.  Since 15 minutes (or 0.25 hour) is
about 1 percent of 24 hours, actual absorption is expected to be less than that
observed in the experimental studies.  To account for this, the parameter FC
(fraction of daily contact occurring at the site) was set to 5 percent, which is five
times greater than 0.25 hour/24 hours or 1 percent.

As an alternative to evaluating sediments with the above methodology, the
analysis for the swimmer includes the option to evaluate dermal contact with
sediment pore water instead of contact with actual sediments.  The exposure
factors for the dermal contact with sediment pore water are similar to those used
for the dermal contact with surface water pathway.  The exposure time (ET) was
equal to 15 minutes, or 0.25 hour/day.  As with sediment contact, it was assumed
that the feet were the only body parts that could be exposed to sediment pore
water.  Therefore, the FBE of 6.75 percent and SA of 1,475 cm  identified above2
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were incorporated into this intake calculation.  The PC values were presented in
Table 5-6.

Table 5-24 provides a list of the specific intake assumptions used for the wader,
who is assumed to be an older child between the ages of 9 and 18.  The body
weight (BW) was set to 51 kg, which is the average of the mean body weights of
boys and girls from age 9 to age 18 (EPA, 1997a).  The exposure frequency of 18
days/yr was based on a conservative estimate of wading once per week for the
warmest 4 months of the year.  The exposure duration (ED) was set at 10 years,
based on the age range of the older child.  The averaging time (AT) for evaluating
carcinogenic effects is 365 days/year over a 75-year lifetime, while the AT for
evaluating noncarcinogenic effects is ED times 365 days/year, or 3,650 days.

For the incidental surface water ingestion pathway, the incidental ingestion rate
(IR) was 20 ml/day, which is based on the approximate amount for one mouthful
of water.  Since ingestion of surface water is unlikely while wading, exposure is
assumed to occur during only 10 percent of the visits to the site; therefore, the
fraction of exposure time ingestion occurs (FI) was assumed to be 10 percent.
The absorption factors (ABS) for incidental ingestion of surface water are assumed
to be 100 percent for all chemicals.

For the dermal contact with surface water pathway, the exposure time (ET) for
wading was set to 0.5 hour per day, based on professional judgement.  The total
body surface area (TBS) was 14,400 cm  (the average of the 50  percentile values2 th

for girls and boys between ages 9 and 18; EPA, 1997a).  The fraction of the body
exposed (FBE) was 22.9 percent, which corresponds to the feet and lower legs of
older children.  Specifying FBE as 22.9 percent results in an exposed surface area
(SA) of 3,298 cm .  The dermal permeability constants (PC) are chemical-specific2

and were assumed to be equal to the Kp values presented in Table 5-6.

For the volatile inhalation pathway, the exposure time (ET) is assumed to be 0.5
hour/day, the same as the time spent wading.  The inhalation rate (IR) for an
older child while wading was assumed to be 1.2 m /hr, which is the EPA’s3

recommended value for children engaged in moderate activity (EPA, 1997a).  The
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absorption factor (ABS) for inhalation was conservatively assumed to be 100
percent for all chemicals.

The daily incidental ingestion rate (IR) for sediment was 5 mg/day, which is one-
tenth the daily soil ingestion rate presented for an older child in EPA (1997a).
It is highly unlikely that significant sediment ingestion would occur, and in the
absence of guidance on this pathway, the above rate was based on professional
judgement.  All of this exposure is assumed to occur at the site during the event;
thus, the fraction ingested (FI) was conservatively assumed to be 100 percent.
The absorption factors (ABS) are chemical-specific and are presented in Table 5-8.

For the dermal contact with sediment pathway, it was assumed that the feet were
the only exposed body parts that would come in contact with sediment.  This
corresponds to a fraction of the body exposed (FBE) as 7.37 percent (the average
value for boys and girls between the ages of 9 and 18; EPA, 1997a), and an
exposed skin area (SA) of 1,061 cm .  The sediment adherence factor (AF) of 1.02

mg/cm  was based on the upper value for soil contact from EPA’s Dermal2

Guidance (1992a).  The dermal absorption factors (ABS) are chemical-specific
and are presented in Table 5-9.  It should be noted that the absorption factors for
direct contact with sediment are based on contact with soil and are typically based
on longer term absorption studies (such as 24 hours or longer [EPA, 1992]).  The
wader is assumed to spend 30 minutes in contact with sediments, which, as
indicated above, is considerably shorter than the duration of a typical dermal
absorption experiment.  Since 30 minutes (or 0.5 hour) is about 2 percent of 24
hours, actual absorption is expected to be less than that observed in the
experimental studies.  To account for this, the parameter FC (fraction of daily
contact occurring at the site) was set to 10 percent, which is five times greater
than 0.5 hour/24 hours or 2 percent.

As an alternative to evaluating sediments with the above methodology, the
analysis for the wader includes the option to evaluate dermal contact with
sediment pore water instead of contact with actual sediments.  The exposure
factors for the dermal contact with sediment pore water are similar to those used
for the dermal contact with surface water pathway.  The exposure time (ET) was
equal to 30 minutes, or 0.5 hour/day.  As with sediment contact, it was assumed
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that the feet were the only body parts that could be exposed to sediment pore
water.  Therefore, the FBE of 7.37 percent and SA of 1,061 cm  identified above2

were incorporated into this intake calculation.  The PC values were presented in
Table 5-6.

Marine Construction Workers
Marine construction workers are individuals engaged in dredging or construction
activities within the river or bay.  Potential exposures associated with construction
activities or navigational dredging include inhalation of chemicals volatilized into
the air from the surface water, incidental ingestion of and dermal exposure to
water contacted during work activities, and incidental ingestion of and dermal
exposure to sediment contacted during work activities.

Table 5-25 provides a list of the specific intake assumptions used for the marine
construction workers.  Specific assumptions have been made only for the RME
scenario.  The body weight (BW) was set to 71.8 kg (EPA, 1997a).  The exposure
frequency (EF) of 24 days/yr was based on an estimated dredging frequency of 2
days per month.  The exposure duration (ED) was set at 25 years, the value
specified for a worker in EPA (1989a).  The averaging time (AT) for evaluating
carcinogenic effects is 365 days/year over a 75-year lifetime, while the AT for
evaluating noncarcinogenic effects is ED times 365 days/yr, or 9,125 days (EPA,
1989a).

For the incidental surface water ingestion pathway, the incidental ingestion rate
(IR) was 20 ml/day, which is based on the approximate amount for one mouthful
of water.  All of this exposure is assumed to occur at the site, so the fraction
ingested (FI) was conservatively assumed to be 100 percent.  The absorption
factors (ABS) for incidental ingestion of surface water are also assumed to be 100
percent for all chemicals.

For the dermal contact with surface water pathway, the exposure time (ET) for
the worker was set to 30 minutes, or 0.5 hour/day, based on an assumption that
exposure might occur for a total of 0.5 hour during the workday.  The total body
surface area (TBS) used for the RME scenario was 21,850 cm  (the average of the2

upper-bound values for adult men and women; EPA, 1997a).  It was assumed that
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hands and forearms were the exposed body parts that would come in contact with
water.  This corresponds to a fraction of the body exposed (FBE) as 11.6 percent
(the average for men and women; EPA, 1997a), and an exposed skin area (SA) of
2,535 cm .  The dermal permeability constants (PC) are chemical-specific and2

were assumed to the equal to the Kp values presented in Table 5-6.

For the volatile inhalation pathway, the exposure time (ET) is the full work day,
or 8 hours/day.  The inhalation rate (IR) for the RME scenario was assumed to be
1.5 m /hr, which is the EPA’s recommended value for an outdoor worker engaged3

in moderate activity (EPA, 1997a).  The absorption factor (ABS) for inhalation
was conservatively assumed to be 100 percent for all chemicals.

The daily incidental ingestion rate (IR) for sediment was 25 mg/day, which is one-
half the daily soil ingestion rate presented for an adult in EPA (1997a).  It is not
likely that sediment ingestion would occur, and in the absence of guidance on this
pathway, the above rate was selected based on professional judgement.  All of this
exposure is assumed to occur with site sediments; thus, the fraction ingested (FI)
was conservatively assumed to be 100 percent.  The absorption factors (ABS) are
chemical-specific and are presented in Table 5-8.

For the dermal contact with sediment pathway, it was assumed that the hands
were the only exposed body part that would come in contact with sediment.  This
corresponds to a fraction of the body exposed (FBE) as 5.15 percent (the average
for men and women; EPA, 1997a), and an exposed skin area (SA) of 1,125 cm .2

The sediment adherence factor (AF) of 1.0 mg/cm  was based on the upper value2

for soil contact from EPA’s Dermal Guidance (1992a).  The fraction of the
sediment contacted from the site (FC) was assumed to be 100 percent, which is
conservative and health protective.  The dermal absorption factors (ABS) are
chemical-specific and are presented in Table 5-9.  As previously noted, these
absorption factors are based on direct contact with soil over an extended period
of time, and are likely to significantly overestimate actual intake for this receptor.

5.5 Exposure Point Concentrations
Exposure point concentrations are required for the following exposure media:
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C Fish
C Waterfowl
C Water via ingestion
C Water via dermal contact
C Sediment
C Sediment pore water
C Indoor air during bath
C Indoor air during shower
C Outdoor air

These exposure point concentrations are determined either directly from
measurements of the applicable exposure medium or through the application of
mathematical models that translate measured concentrations in source media to
exposure point concentrations in exposure media.  In theory, the concentrations
in source media can vary with time, so the appropriate concentration for
estimating exposure to a particular receptor is an average concentration over the
exposure period.  Thus, the time-averaged source concentrations and resulting
exposure point concentrations can be different for different receptors for the same
exposure medium.  However, the change in source concentration with time is very
difficult to assess.  For this analysis all source concentrations are treated as being
constant in time.  Therefore, an exposure point concentration can be estimated
for each exposure medium and used for multiple receptors.  It should be noted
that the Lower Fox River and Green Bay mass balance modeling can be used to
evaluate effects over time for PCBs, if necessary.

5.5.1 Determination of Exposure Point Concentrations
The exposure point concentrations for each exposure medium were determined
as follows.  For fish, the measured fish concentration (Cfish ) was used as themeas

source concentration and was multiplied by a reduction factor (RF ) to yield thefish

exposure point concentration in fish (Cfish ).EPC

The reduction factors for fish (RF ) were discussed previously.fish
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For waterfowl, the measured concentration in waterfowl (CWF ) was multipliedmeas

by a reduction factor (RF ) to yield the exposure point concentration inWF

waterfowl (CWF ).EPC

The reduction factors for waterfowl (RF ) were discussed previously.WF

For evaluating ingestion and dermal contact with water, measured concentrations
in water were used.  For many chemicals, both total and dissolved (filtered)
concentrations were measured.  For evaluating ingestion of water, the total
concentration was used.  For evaluating dermal contact with water, the dissolved
concentration was used.

For evaluating ingestion exposure to sediment, measured concentrations in
sediment were used.  For evaluating dermal contact exposures to sediment,
exposures were estimated either:  1) by using measured concentrations in
sediment and assuming a fraction of the chemical in sediment is absorbed through
the skin, or 2) by using measured sediment concentrations (C ) to estimatesed

sediment pore water concentrations (C ) and using the sediment pore waterpw

concentration to estimate dermal absorption.  The equation for estimating the
sediment pore water concentration is:

In this expression, TF  is the sediment to pore water transfer factor.sdpw

For evaluating inhalation exposures to air, measured concentrations in water were
used with mathematical models of volatilization and air dispersion to estimate air
concentrations.  For calculating concentrations in indoor air during a bath (C ),ab

the concentration in the bath water (C ) was multiplied by a bath water to airwb

transfer factor (TF ).bwa



Cab ' TFbwa @ Cwb

Cas ' TFsh @ Cws

Coa ' TFswoa @ Csw
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The measured dissolved concentrations were used as the concentrations in the
bath water.

For calculating concentrations in indoor air during a shower (C ), theas

concentration in the shower water (C ) was multiplied by a shower water to airws

transfer factor (TF ).sh

The measured dissolved concentrations were used as the concentrations in the
shower water.

For calculating concentrations in outdoor air (C ) as a result of volatilizationoa

from surface water, the concentration in the surface water (C ) was multiplied bysw

a surface water to air transfer factor (TF ).swoa

The measured dissolved concentrations were used as the concentrations in the
surface water.

The Lower Fox River is approximately 40 miles long.  To facilitate the evaluation
of this water body, the data were divided into four reaches as discussed previously.
The four reaches for the Lower Fox River are:

C Little Lake Butte des Morts
C Appleton to Little Rapids
C Little Rapids to DePere
C DePere to Green Bay

Green Bay was evaluated as a single entity.
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5.5.2 Source Concentrations
For each reach in the Lower Fox River and Green Bay, source concentrations were
developed for the following media:

C Fish tissue
C Waterfowl tissue
C Water (total)
C Water (dissolved)
C Sediment

Fish Tissue
Fish tissue samples were available from a number of locations along the Lower Fox
River, as well as Green Bay, Lake Winnebago, and other locations.  This
assessment included samples from Little Lake Butte des Morts, Appleton to Little
Rapids, Little Rapids to De Pere, De Pere to Green Bay and Green Bay as a whole.

Sample types for fish tissue consist of fillet, fillet and skin, and whole body.
Sample data for fillet (skin-off and skin-on) were used to determine representative
concentrations.

Data from only certain fish species were included in the evaluation.  Because the
risk assessment addresses fish ingestion, the species selected include those fish
species that a person would reasonably eat, regardless of restrictions proposed in
consumption advisories.  These fish species were selected based on edible species
listed in West et al, (1993), Anderson et al, (1993), and WDH/WDNR (1998)
and include:
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Bass (White, Largemouth, Smallmouth) Pike (Northern)
Bluegill Pumpkinseed
Bowfin Redhorse (Shorthead, Northern)
Bullhead (Black, Brown) Rockbass
Burbot Salmon (Chinook, Coho)
Carp Sauger
Catfish (Channel, Flathead) Smelt (Rainbow)
Chub (Bloater) Splake
Cisco (Lake Herring) Sucker (White, Longnose)
Crappie (Black) Sunfish (Green)
Drum (Sheepshead) Trout (Lake, Brown, Brook, Rainbow)
Muskellunge (Musky) Walleye
Perch (White, Yellow) Whitefish

Data for all edible fish species were combined and evaluated by sample type (fillet
or whole body) and by location.  Statistics were generated for these data subsets,
and two representative concentrations were determined:

C An upper-bound concentration which is the 95 percent upper
confidence limit on the arithmetic mean (95% UCL) or the maximum
detected concentration, whichever is lower, (EPA, 1992b), and

C An average concentration which is the arithmetic mean.

Waterfowl Tissue
Waterfowl and other bird tissue samples were available from a number of
locations in the Lower Fox River and Green Bay vicinity.  This assessment
included samples from Little Lake Butte des Morts, Appleton to Little Rapids,
Little Rapids to De Pere, De Pere to Green Bay and Green Bay as a whole.

Sample types for bird tissue consist of muscle, muscle and skin, whole body, and
some egg and organ samples.  For this risk assessment, only sample data for
muscle tissue (skin-off and skin-on) were used to determine representative
concentrations.

Data from only certain bird species were included in the evaluation.  Because the
risk assessment addresses waterfowl ingestion, the species selected include those
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which a person would hunt and reasonably eat.  Some species, such as the
common loon and the pied-billed grebe, are protected and were not included in
the data set.  Other bird species, such as the swallow and the gull, would not likely
be eaten by a person, and were excluded as well.  Confirmation of species likely
to be eaten was obtained from personal communication with the Pennsylvania
Game Commission (September 24, 1998).  The following waterfowl and bird
species included in this assessment are:

Blue-winged Teal Mallard
Bufflehead Northern Shoveler
Canada Goose Pintail
Canvasback Red-breasted Merganser
Common Goldeneye Ring-neck Duck
Common Merganser Ring-neck Pheasant
Gadwall Ruddy Duck
Greater Scaup Scaup
Green-winged Teal White-winged Scoter
Hooded Merganser Wood Duck
Lesser Scaup Woodcock

Data for each of these species were combined and evaluated by location.
Statistics were generated for these data subsets, and two representative
concentrations were determined:

C An upper-bound concentration which is the lower of the 95% UCL and
maximum detected concentration (EPA, 1992b), and

C An average concentration which is the arithmetic mean.

Surface Water
Surface water samples were available from a number of locations along the Lower
Fox River and in Green Bay.  This assessment included samples from Little Lake
Butte des Morts, Appleton to Little Rapids, Little Rapids to De Pere, De Pere to
Green Bay and Green Bay as a whole.

Surface water data were provided for total, particulate, dissolved, and filtered
samples.  For the purposes of this risk assessment, dissolved and filtered samples
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were assumed to be similar and were grouped together.  Particulate data were not
used.  Representative concentrations were developed for total and the combined
dissolved and filtered data sets in each location.  Statistics were generated for
these data subsets, and two representative concentrations were determined:

C An upper-bound concentration which is the lower of the 95% UCL and
maximum detected concentration (EPA, 1992b), and

C An average concentration which is the arithmetic mean.

Sediment
Sediment samples were available from a number of locations along the Lower Fox
River and in Green Bay.  This assessment included samples from Little Lake Butte
des Morts, Appleton to Little Rapids, Little Rapids to De Pere, De Pere to Green
Bay and Green Bay as a whole.

Sediment data were provided for surface and subsurface samples.  For the
purposes of this risk assessment, only surface sediment samples were included as
a potential contact medium, although it should be noted that deeper sediments
could come to the surface after storm events.  Surface sediment is defined as any
depth range beginning with zero (e.g., 0 to 6 inches, 0 to 2 feet).  Except for total
PCBs, representative concentrations were developed for surface sediments in each
location using the data “as is” for each location.  Statistics were generated for
these data subsets, and two representative concentrations were determined:

C An upper-bound concentration which is the lower of the 95% UCL and
maximum detected concentration (EPA, 1992b), and

C An average concentration which is the arithmetic mean.

For total PCBs, the representative sediment concentrations in the Lower Fox River
was determined using vertically and horizontally interpolated data developed in
a three-step process.  First, a grid was established for each reach of the Lower Fox
River.  Second, data from the nearest sampling locations to each grid point were
horizontally interpolated to provide a concentration of total PCBs at each grid
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point.  If there was no sampling data within 1,000 feet of a grid point, no value
was assigned (indicated by “ND” for “no data”).  Prior to the horizontal
interpolation, the data at each sampling location were vertically interpolated onto
standard vertical intervals.  The top interval was 0 cm to 10cm.  The data from
this top interval was used in the risk assessment.  Third, the data assigned to each
grid point were used to generate a mean, a 95% UCL, and a maximum value for
each reach.  The representative total PCB concentration was the 95% UCL or
maximum value, whichever was lower (EPA, 1992).  In performing these
statistical calculations, the grid points with an “ND” assigned to them were not
included.  The parts of the river with an “ND” are generally believed to have little
or no soft sediments.  Therefore, the concentrations of total PCBs in these
locations are believed to be low.  Thus, the effects of not including these grid
points in the statistical calculations is believed to bias the numbers high, which
is conservative and health protective.

For total PCBs, concentrations in each zone of Green Bay were calculated as
described above for other chemicals (i.e., an upper-bound concentration was
calculated and an average concentration was calculated).  The highest values in
the four zones were used as the representative concentrations for Green Bay (i.e,
the highest upper-bound concentration in the four zones was used as the
representative upper-bound concentration for Green Bay and the highest average
concentration in the four zones was used as the representative average
concentration for Green Bay).

Results
Tables 5-26 through 5-30 present upper-bound measured concentrations for Little
Lake Butte des Morts, Appleton to Little Rapids, Little Rapids to De Pere, De
Pere to Green Bay and Green Bay, respectively.  The upper-bound measured
concentrations are the lower of the 95% UCL on the arithmetic mean or the
maximum detected concentration.  Tables 5-31 to 5-35 present average measured
concentrations for Little Lake Butte des Morts, Appleton to Little Rapids, Little
Rapids to De Pere, De Pere to Green Bay, and Green Bay, respectively.  The
average concentrations are the arithmetic mean or the maximum detected
concentration, which ever is lower.  Concentrations for Green Bay were available
by zone for some media but for Green Bay as a whole for other media.  For the
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purposes of this assessment, Green Bay was evaluated as a whole.  Therefore, the
highest calculated 95% UCL and arithmetic mean from the four zones (2, 3A, 3B,
or 4) were used to represent Green Bay as a whole.

5.5.3 Transfer Factors and Exposure Point Concentrations
Using the source concentrations described previously coupled with transfer
factors, exposure point concentrations were developed for the following media:

C Shower air
C Bath air
C Outdoor air
C Sediment pore water

The transfer factors used in this analysis are presented in Appendix B1.  The
resulting exposure point concentrations for each receptor in each location are
provided in Appendix B2.

5.6 Dose-response Assessment

5.6.1 Overview
The purpose of the dose-response assessment is to identify the relationship
between the magnitude of COPCs to which receptors may be exposed (dose) and
the likelihood of an adverse health effect (response).  Both noncarcinogenic (i.e.,
threshold) and carcinogenic (i.e., nonthreshold) health effects are considered in
the dose-response assessment.  The information provided in the dose-response
assessment is combined with the results of the exposure assessment (Sections 5.4
and 5.5) to provided an estimate of potential health risk.

Dose-response information used in this risk assessment is provided in the EPA’s
Integrated Risk Information System (IRIS) (EPA, 1998) or Health Effects
Assessment Summary Tables (HEAST) (EPA, 1997b).  The following paragraphs
describe the noncarcinogenic and carcinogenic dose-response methodologies that
will be incorporated into the Lower Fox River and Green Bay risk assessment.
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Noncarcinogenic Dose-response
Compounds with known or potential noncarcinogenic effects are assumed to have
a dose below which no adverse effect occurs, or conversely, above which an effect
may be seen.  This dose is called the threshold dose.  In laboratory experiments,
this dose is known as the No Observed Adverse Effect Level (NOAEL).  In the
absence of a NOAEL, the lowest observed adverse effects level (LOAEL) may be
used.  By applying uncertainty factors to the NOAEL or the LOAEL, the EPA has
developed Reference Doses (RfDs) and Reference Concentrations (RfCs) for oral
and inhalation exposures to compounds with potential noncarcinogenic effects
(EPA, 1998).  RfDs and RfCs are available for chronic, subchronic, and (in some
cases) acute exposures.

Uncertainty factors account for uncertainties associated with the dose-response
value, such as the effect of using an animal study to derive a human dose-response
value, extrapolating from the high doses used in the laboratory experiment to the
low doses typically encountered in environmental settings, and evaluating
sensitive subpopulations.  For compounds with potential noncarcinogenic effects,
the RfD and RfC provide reasonable certainty that, if the specified exposure dose
(in the case of the RfD) or exposure concentration (in the case of the RfC) is
below the threshold, then no noncarcinogenic health effects are expected to occur
even if daily exposure were to occur for a lifetime.  RfDs are expressed in terms
of milligrams of compound per kilogram of body weight per day (mg/kg-day).

Oral RfDs are provided by EPA in IRIS or HEAST.  Inhalation RfDs can be
calculated from RfCs.  The equation for converting an RfC into an inhalation RfD
depends on whether the units of the RfC are mg/m  or µg/m .3 3

Dermal intakes from either water or sediment are calculated as absorbed doses.
To evaluate these absorbed doses, an oral RfD based on an absorbed dose must
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be developed.  This is accomplished by adjusting the oral RfD for the absorption
efficiency in the study used as the basis for this oral toxicity parameter.  The oral
RfD is translated into an RfD suitable for evaluating the absorbed dose from
dermal exposure using the following equation:

where:

RfD = reference dose for evaluating absorbed dermal doses (mg/kg-day)d

RfD = reference dose for evaluating administered ingestion doses (mg/kg-o

day)
EFF = absorption efficiency in the study used to develop oral referenceo

dose

Carcinogenic Dose-response
For carcinogenic effects, the relevant intake is the total cumulative intake
averaged over a lifetime because the quantitative dose-response function for
carcinogens is based on the assumption that cancer results from cumulative
lifetime exposures to carcinogenic agents.  In other words, it is assumed by
regulatory agencies that a finite level of risk is associated with any dose above
zero.  For carcinogenic effects, EPA uses a two-step evaluation in which the
chemical is assigned a weight-of-evidence classification, and then an oral cancer
slope factor (CSF) and/or an inhalation unit risk factor (URF) is calculated.  The
weight-of-evidence classification is based on the likelihood of the compound being
a human carcinogen.  Group A compounds are classified as human carcinogens,
Group B compounds are probable human carcinogens, Group C compounds are
possible human carcinogens, Group D compounds are not classifiable as to human
carcinogenicity, and Group E compounds have evidence of noncarcinogenicity for
humans.

In the second part of the evaluations, CSFs and URFs are calculated for
compounds that are known or probable human carcinogens.  The EPA developed
mathematical models that extrapolate observed responses at high doses or
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concentrations used in animal studies to predict responses in humans at the low
doses or concentrations encountered in environmental situations.  The models
developed by the EPA assume no threshold and usually use animal as well as
human data to develop an estimate of the carcinogenic potency of a compound.
This numerical estimate is referred to by the EPA as the CSF for oral exposures
and the URF for inhalation exposures.  The mathematical models used by EPA
assume that carcinogenic dose-response is linear at low doses.

Oral CSFs are expressed in terms of (mg/kg-day) , which represents the risk per-1

average daily dose in mg/kg-day.  Inhalation URFs are expressed in terms of
(µg/m ) , which represents the risk per average concentration in air in units of3 -1

µg/m .  The inhalation cancer slope factors (CSF ) can be calculated from3
i

inhalation URF  values with the following equation:i

The oral CSF is translated into a CSF suitable for evaluating the absorbed dose
from dermal exposure using the following equation:

where:

CSF = cancer slope factor for evaluating absorbed dermal doses (mg/kg-d

day)-1

CSF = cancer slope factor for evaluating administered ingestion doseso

(mg/kg-day)-1

EFF = absorption efficiency in the study used to develop oral cancer slopeo

factor

5.6.2 Polychlorinated Biphenyls
Much information has been published on polychlorinated biphenyls (PCBs) in the
past few years and a majority of the PCBs review was obtained from recent
literature compilations and evaluations (ATSDR, 1997; EPA, 1996a; Johnson et
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al., 1998; Cogliano, 1998).  In addition, individual studies were cited particularly
regarding neurobehavioral effects from exposure to PCBs.

PCBs are mixtures of synthetic organic chemicals which take on forms from oily
liquids to waxy solids, depending on the arrangement of their common
components (EPA, 1996a).  Because of natural environmental processes (i.e.,
partitioning, chemical transformation, and preferential bioaccumulation) PCBs in
the environment occur as mixtures of congeners, and their composition (and thus
their toxicity) differs from the commercial mixtures.  The following sections
describe the range of cancer slope factors to be used, the key carcinogenic studies
used to derive those slope factors, the mechanisms of carcinogenicity, the dioxin-
like properties of some PCBs and their assigned toxicity equivalency factors, and
the noncancer effects of PCBs.

Effect of Environmental Processes
In the environment, PCBs occur as mixtures whose compositions differ from
commercial mixtures.  This is because after release into the environment, mixture
composition changes over time, through partitioning, chemical transformation,
and preferential bioaccumulation.

Partitioning is the process by which different fractions of a mixture separate into
air, water, sediment, and soil.  Through partitioning, PCBs:

C Adsorb to organic materials, sediments, and soils; adsorption tends to
increase with chlorine content of the PCBs and organic content of the
other material (Callahan et al., 1979)

C Volatilize or disperse as aerosols, especially congeners with low chlorine
content as they tend to be more volatile and also more soluble in water
(Callahan et al., 1979)

Biodegradation is another environmental process by which chemical
transformation of PCBs can occur.  Biodegradation can occur through:



Baseline Human Health and Ecological Risk Assessment

Human Health Risk Assessment 5-59

C Anaerobic bacteria in sediments by selectively removing chlorines from
meta and para positions.

C Aerobic bacteria removing chlorines from PCBs with low chlorine
content and breaking open the carbon rings through oxidation
(Abramowicz, 1990); PCBs with higher chlorine content are extremely
resistant to oxidation and hydrolysis.

C Photolysis, which can slowly break down congeners with high chlorine
content.

The dechlorination of PCBs by anaerobic bacteria and photolysis is not
synonymous with detoxification, as congeners having carcinogenic activity can be
formed through dechlorination (Brown et al, 1990).  Furthermore, the
dechlorination processes are slow, and altered PCB mixtures persist in the
environment for many decades.

Recently, Sokol et al. (1998a) subjected sediments containing PCBs to laboratory
incubation for 39 months.  There was a decrease of 22 percent in the chlorine
content of the sediment in the first 4 months followed by no significant reduction
for the remainder of the study.  In sediments spiked with Aroclor 1248 at 16
different initial concentrations ranging from 0 to 200 mg/kg, Sokol et al. (1998b)
found no dechlorination of PCBs in sediments with concentration below 35
mg/kg.  This study lasted for 58 months.  Since most sediments in the Lower Fox
River and Green Bay have sediment concentrations below this concentration, this
study suggests that little biologically mediated dechlorination will occur.  The
results of Sokol et al. (1998a) suggest that even if reductions occur, a leveling off
or “plateau” concentration may be reached where little or no additional reduction
will occur.  Both studies suggest that PCBs are likely to persist for many years in
sediments.

Preferential bioaccumulation is another important environmental process that
occurs in living organisms where:
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C PCBs are highly soluble in lipids and are absorbed by fish and other
animals.

C Rates of metabolism and elimination are slow and vary by congener;
thus, each species in the food chain retains persistent congeners that
prove resistant to metabolism and elimination (Oliver et al., 1988).

C Congeners with higher chlorine content are bioaccumulated through the
food chain, producing residues that are considerably different from the
original Aroclors (Lake et al., 1992; Oliver et al., 1988).

C Bioaccumulated PCBs in humans appear to be more persistent in the
body and could be more toxic than Aroclors (as they are in animals)
(Hovinga et al., 1992; ATSDR, 1997); for example, a study comparing
mink fed a given quantity of Aroclor 1254 with mink fed Great Lakes
fish contaminated with one-third that quantity of bioaccumulated PCBs
(plus other chemicals) found similar liver and reproductive toxicity
(Hornshaw et al, 1983).

Absorption and Retention
PCBs can be absorbed through ingestion, inhalation, and dermal exposure, after
which they are transported similarly through the circulatory system.  Thus, it
seems logical to expect similar internal effects from different exposure routes.
PCBs are eliminated through metabolism, which occurs primarily in the liver
(Matthews and Anderson, 1975; ATSDR, 1997).  Metabolism rates are generally
lower with high chlorine content, but chlorine position is also important
(Matthews and Anderson, 1975).  In addition to variability by congener, there is
human variability in metabolism and elimination.  People with decreased liver
function, including inefficient metabolic capacities in infants whose capacity to
fully metabolize and eliminate PCBs has not been developed (Calabrese and
Sorenson, 1977), have less capacity to metabolize PCBs than people in the
general population.
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Retention of PCBs occurs in the body long after exposure stops and the biological
activity of persistent congeners is also maintained.  For example, the half-lives of
various congeners in the body are:

C 2.6 years for Aroclor 1242 and 4.8 years for Aroclor 1254 in workers
exposed to PCBs (Phillips et al.,1989),

C 3.1 years for Aroclor 1242 and 6.5 years for Aroclor 1254 in exposed
workers (Steele et al., 1986),

C 2 years for Aroclor 1242 and 16 years for Aroclor 1260 in exposed
workers (Steele et al., 1986),

C 8 years for total serum PCBs in non-occupational exposures (Steele et
al, 1986),

Exposure to PCBs by eating contaminated fish yields even longer persistence of
these congeners (Hovinga et al., 1992; ATSDR, 1997).  The half-life values
assigned to these congeners must be applied with caution because the half-life
estimates assigned to a mixture can underestimate long-term persistence due to
the composition of its components.

PCBs can cross human skin and increase body burden.  Dermal exposure can
contribute significantly to body burdens of workers and can be a major route of
environmental exposure (ATSDR, 1997).  Quantitatively, dermal exposure would
pose lower risks, because PCBs are substantially but incompletely absorbed
through the skin (Wester et al., 1983, 1987, 1990, 1993).

Health Effects of PCBs in the Great Lakes Area - Literature Review
Several studies have been conducted and presented in the scientific literature
regarding public health implication of PCBs and other toxic substances in the
Great Lakes area.  Papers have also been written which review and summarize the
research findings from these numerous studies.  The majority of the studies focus
on exposure via fish consumption, as this route of exposure has been
demonstrated to be the most significant.  The collective weight of evidence from
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these studies indicates that exposure to PCBs found in fish can cause
developmental, reproductive, and neurobehavioral problems.

Two recent publications highlight some of the major research findings associated
with exposure to PCBs:  Public Health Implications of Persistent Toxic Substances in the
Great Lakes and St. Lawrence Basins, by Johnson et al. (1998) and Public Health
Implications of Exposure to Polychlorinated Biphenyls (PCBs), coauthored by the
Agency for Toxic Substances and Disease Registry (ATSDR) of the U.S. Public
Health Service, in the U.S. Department of Health and Human Services, and the
EPA (ATSDR and EPA, 1996; 1999).  These papers present findings in wildlife
populations, laboratory studies, and in human populations that indicate a positive
correlation between consumption of fish from the Great Lakes area and levels of
PCBs in the body.  Some of these studies include the following.

C Hanrahan et al. (1997).  Frequent fish consumers (including Wisconsin
anglers) had a significantly greater PCB serum level than infrequent
consumers, and the total number of years of eating Great Lakes sport
fish was the best predictor of PCB body burden.

C Humphrey (1983).  A study of Lake Michigan fish eaters indicated that
PCB levels in breast milk and maternal serum correlates with
consumption of contaminated fish.

C Anderson et al. (1998).  In a study of Great Lakes sport fish consumers,
serum was analyzed for several constituents, including PCBs.  The study
group consumed an average of 49 Great Lakes sport fish meals per year,
placing them in a relatively high exposure subpopulation.  The overall
mean coplanar PCB levels were 10.5 times greater than selected
background levels in the general population.

Many studies present findings that health effects are associated with exposure to
PCBs via fish consumption.  A few of the exposure studies of human populations
are summarized below.
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C Courval et al. (1997).  A study of Michigan anglers indicated that with
increasing sport-caught fish consumption (of fish contaminated with
persistent toxic substances), there was increased odds for conception
failure.

C Michigan/Maternal Infant Cohort Study (Fein et al., 1984b; Jacobson

et al., 1985, 1990a, b).  Developmental disorders and cognitive deficits
were noted in offspring of mothers exposed to persistent toxic
substances for 6 years before and during pregnancy via fish
consumption.  A follow-up study (Jacobson and Jacobson, 1996)
showed that neurodevelopmental deficits assessed at birth were still
persistent at age 11.

C Lonky et al., (1996).  Newborns of high-fish-consuming mothers
exhibited a greater number of abnormal reflexes, less mature autonomic
responses, and less attention to visual/auditory stimuli in comparison
to newborns of no- or low-fish-consuming mothers.

C Smith (1984) and Humphrey (1988).  Maternal serum PCB levels
during pregnancy (of women who consumed contaminated Great
Lakes/St. Lawrence fish) were positively associated with the number
and type of infectious illnesses which occurred in infants.

C Kostyniak et al. (1998).  A study of nursing mothers who consumed
sport-caught fish from Lake Ontario evaluated PCB levels in breast
milk.  The higher-fish-consuming groups had higher levels of PCBs in
breast milk.  The study concluded that an inverse relationship exists
between the concentration of PCBs and the overall duration of lactation
for these women.

Additional studies report health effects associated with PCB exposure by other
routes, such as ingestion of cooking oil.  In Taiwan and Japan, PCB-contaminated
bottles of rice oil and cooking oil resulted in an outbreak of illness which included
chlorache, hyperpigmentation, and meibomian gland dilation (Rogan et al. 1988).
Even several years after the incident, women who were exposed to the
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contaminated oil gave birth to infants with abnormalities.  The exposed children
were small for gestational age and had abnormalities of the lungs, skin, and teeth.
In addition, these children exhibited a delay in mental and psychomotor
development.  However, by the time these children reached the age of 8, the
cognitive development was not significantly different than the controls of the
study (Lai et al., 1994).

Some studies have not been able to demonstrate a positive correlation between
PCB exposure and adverse health effects.  However, these studies should be
viewed as inconclusive, rather than evidence that supports PCBs are not
associated with adverse health effects.  Two examples of these studies are
presented below.

C Dar et al. (1992).  PCB serum levels were measured in a population of
pregnant women from the Green Bay, Wisconsin area.  A positive
correlation was found between the PBC serum levels and the amount
of Lake Michigan fish consumed in the past and present.  In addition,
reproductive outcome measures were evaluated for newborns of these
women.  For mothers who gained less than 34 pounds during their
pregnancy, a positive correlation was found between mothers’ PCB
serum levels and birth size.  This finding was contrary to results from
other studies.  However, in contrast with other studies, the population
did not include high-end fish consumers, so PCB exposure may have
been insufficient to create adverse noncancer responses.

C Schantz et al. (1996).  A study was designed to assess the effects of
PCBs and DDE in elderly Great Lakes sport anglers.  Results were
presented at the Health Conference ‘97 Great Lakes and St. Lawrence
[Schantz et al. (1997)]. The levels of PCBs measured in serum were
clearly elevated in the fish eaters versus the nonfish eaters and relative
to typical background levels.  However, adjusted results of the study
indicated that PCB and DDE levels did not impair fine motor function.

To summarize, the vast weight of evidence from human population studies
indicates that exposure to PCBs found in fish from the Great Lakes area can cause
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a variety of adverse health effects.  These include developmental, immunological,
reproductive, and neurobehavioral problems.  Continuing research will provide
more information on the human health effects of PCBs and the implications to
populations at higher risk of exposure.

Carcinogenicity
Several studies demonstrate the carcinogenic effects of PCBs in rats and mice.
Table 5-36 summarizes these key studies in addition to key human
epidemiological studies.

New toxicity information from a cancer study of four commercial mixtures
(Aroclor 1016, 1242, 1254, and 1260) demonstrates that all PCB mixtures can
cause cancer, although different mixtures have different potencies (Brunner et al.,
1996).  All mixtures induced liver tumors when fed to female rats; Aroclor 1260
also induced liver tumors in male rats (Brunner et al., 1996).  The importance of
this data is that these four mixtures contain overlapping groups of congeners that,
together, span the range of congeners most often found in environmental
mixtures.

Mechanism of Carcinogenicity.  Several mechanisms have been proposed for the
carcinogenicity of PCBs including:

C Tumor-promoting activity in liver or lung from Aroclor 1254 and some
congeners with four to six chlorines (Silberhorn, 1990).

C Induction of mixed-function oxidases (i.e., phenobarbital-type inducers,
3-methylcholanthrene-type inducers, and mixed inducing properties),
resembling chlorinated dibenzo-p-dioxins and dibenzofurans in
structure and toxicity (Buchmann et al., 1986, 1991) and present in
mixtures with either high or low chlorine content.

C Dihydroxy metabolites of PCBs with low chlorine content are activated
to reactive intermediates that produce oxidative DNA damage (Oakley,
1996)—possible for environmental PCBs association with human breast
cancer.
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C A highly significant statistical relationship was found with PCB blood
levels and increased probability of non-Hodgkin lymphoma (Rothman,
1997).  In addition, immune system suppression was found in
association with the immunosuppressive characteristics of non-Hodgkin
lymphoma from dioxin-like and nondioxin-like congeners (Hardell,
1996).

C Possible endocrine disruption similar to both dioxin-like and nondioxin-
like congeners (Birnbaum, 1994, 1995).

C Induction of thyroid carcinomas similar to 2,3,7,8-TCDD by increasing
the metabolism and excretion of the thyroid hormone (NTP, 1983;
McClain, 1989).

As demonstrated by these various mechanisms, different PCB congeners are
capable of inducing cancer by different mechanisms.

Dioxin-like Congeners of PCBs.  Relatively few PCB congeners resemble 2,3,7,8-TCDD
in structure, toxicity, and as just indicated, in carcinogenic mechanism.  However,
it is important to recognize that both dioxin-like and nondioxin-like mechanisms
contribute to the overall PCB toxicity.  The similarities these dioxin-like PCB
congeners have in common with dioxin include:

C Similar carcinogenic mechanisms (endocrine disruption and induction
of thyroid cancer via thyroid hormone regulation),

C Some PCB congeners are 3-methylcholanthrene-type inducers or
possess other dioxin-like inducing capacity,

C Toxic responses are similar to dibenzo-p-dioxins and dibenzofurans, all
acting through the aryl hydrocarbon receptor, and

C Persist and accumulate in the food chain.
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It is important to consider the contribution of these congeners to total dioxin
equivalents.  In some cases, PCBs can contribute more dioxin-like toxicity than
chlorinated dibenzo-p-dioxins and dibenzofurans (Ahlborg et al., 1994).  The use
of dioxin toxicity equivalency factors (TEFs) for dioxin-like congeners is discussed
in the next section.  It is also recognized that since the mechanism of PCB toxicity
often varies from the mechanism of dioxins and furans for cancer induction, the
use of TEFs is still undergoing evaluation.

Derivation and Application of Cancer Slope Factors.  Previous assessments developed
a single dose-response slope (7.7 per mg/kg-day average lifetime exposure) for
evaluating PCB cancer risks (EPA, 1988).  This slope factor was used by default
for any PCB mixture because before 1996, only commercial mixtures with
60 percent chlorine (Aroclor 1260) had been adequately tested.

Brunner’s cancer study (1996) of four commercial mixtures (Aroclor 1016, 1242,
1254, and 1260) demonstrated that all PCB mixtures can cause cancer, although
different mixtures have different potencies (Cogliano, 1998).  The resulting new
upper-bound slopes are lower than the previous slope factor of 7.7 per mg/kg-day
which was based upon Aroclor 1260.  The new approach to assessing the cancer
risk from environmental PCBs distinguishes among PCB mixtures by using
information on environmental processes.  Environmental processes have profound
effects that can decrease or increase toxicity, so toxicity of an environmental
mixture is only partly determined by the original commercial mixture.  This new
EPA approach, which has undergone external peer review, considers:

C A range of upper-bound potency estimates for PCB mixtures, plus a
range of central estimates, with guidance for choosing estimates from
these ranges to reflect the effect of environmental processes affecting a
mixture’s toxicity.

C A tiered approach that can use site-specific congener information when
available (i.e., presence or absence of congeners and metabolites that
contribute to cancer induction), but can be adapted if information is
limited to total PCBs encountered through each pathway.
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C An approach that assesses risks from different exposure pathways,
less-than-lifetime and early-life exposures, and mixtures containing
dioxin-like compounds.

C Application of EPA’s proposed cancer guidelines (EPA, 1996b) in the
quantitative dose-response assessment, including the cross-species
scaling factor (EPA, 1992) and discussion of circumstances affecting
cancer risk.

C Extrapolation of doses below the experimental range, considering both
linear and nonlinear approaches.

The new approach (EPA, 1996a) involves a tiered approach, using exposure
pathways to choose appropriate potency values.  The highest observed potency
of 1 (mg/kg-day)  (central slope) or 2 (mg/kg-day)  (upper-bound slope) is-1 -1

appropriate for pathways where environmental processes tend to increase risk such
as:

C Food chain exposure, including fish consumption,

C Sediment and soil ingestion,

C Dust and aerosol inhalation,

C Dermal exposure, if an absorption factor has been applied to reduce the
external dose,

C Presence of dioxin-like, tumor-promoting, or persistent congeners in
other media,

C Early-life exposure (all pathways and mixtures).

Lower potencies of 0.3 (mg/kg-day)  (central slope) or 0.4 (mg/kg-day)  (upper--1 -1

bound slope) are appropriate for pathways where environmental processes tend
to decrease risk:
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C Ingestion of water-soluble congeners,

C Inhalation of evaporated congeners,

C Dermal exposure, if no absorption factor has been applied to reduce the
external dose.

The lowest potencies of 0.04 (mg/kg-day)  (central slope) or 0.07 (mg/kg-day)-1 -1

(upper-bound slope) are appropriate when:

C Congener or isomer analyses verify that congeners with more than 4
chlorines comprise less than 0.5 percent of total PCBs.

Table 5-37 summarizes the cancer slope factors that are used in this analysis.
These values are summarized by pathway and persistence (i.e., whether the
mixture of PCBs has more than 0.5 percent congeners with more than four
chlorines—high persistence).  For dermal contact with sediment, absorbed doses
are calculated, so the higher potencies of 1 (mg/kg-day)  (central) and 2 (mg/kg--1

day)  (upper-bound) are applicable for this pathway.  For dermal contact with-1

water, absorbed doses are also calculated; however, lower molecular weight PCBs
with fewer chlorine atoms per molecule are expected to preferentially partition to
water.  Thus, the lower potencies of 0.3 (mg/kg-day)  (central) and 0.4 (mg/kg--1

day)  (upper-bound) are appropriate for analysis of this pathway.  No adjustment-1

for the oral to dermal route was made, since the absorption of PCBs, particularly
lower molecular weight PCBs, is over 90 percent via ingestion (ATSDR, 1997).
Therefore, the cancer slope factor for evaluating absorbed dermal doses is
essentially the same as the cancer slope factor for evaluating administered
ingestion doses.

The dioxin toxicity equivalency factor (TEF) approach will also be applied.  Table
5-38 presents TEFs for PCB congeners that are believed to exhibit dioxin-like
characteristics.  TEFs have been developed by the EPA (1996a) and by the World
Health Organization (WHO, 1997).  The TEFs can be used two ways.  TEFs can
be multiplied by the dioxin cancer slope factors (next section) to estimate cancer
slope factors for specific congeners.  The former approach is utilized in this
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analysis.  Alternatively, concentrations of PCB congeners can be multiplied by
TEFs to give an equivalent concentration of 2,3,7,8-TCDD.  For many congeners,
the EPA and WHO values are the same; however, for PCB-77 there is a 5 times
greater EPA TEF, and for PCB-170 and PCB-180 a TEF from WHO is not
available.  In addition, WHO provides a TEF for PCB-81, while EPA does not.
This risk assessment incorporates the EPA TEFs into the calculations.

Noncancer Effects
Overview of Noncancer Effects.  PCBs have significant human health effects other than

cancer, including neurotoxicity, reproductive and developmental toxicity, immune
system suppression, liver damage, skin irritation, and endocrine disruption (EPA,
1996a; ATSDR, 1997).  These toxic effects have been observed from acute and
chronic exposures to PCB mixtures with varying chlorine content.  A more
detailed discussion of these effects is presented in the following section.

Cases of severe chloracne were reported in a work environment in which PCB air
levels were found to be between 5.2 and 6.8 mg/m .  The workers developing3

chloracne had been exposed for 2 to 4 years.  Other analyses revealed worker
complaints of dry sore throat, skin rash, gastrointestinal disturbances, eye
irritation, and headache at work area concentrations of 0.013 to 0.15 mg PCB/m .3

Higher blood PCB levels are associated with higher serum triglyceride and/or
cholesterol levels, as well as high blood pressure.  Air PCB concentrations as low
as 0.1 mg/m  can produce toxic effects, and exposure to levels producing no overt3

toxicity can affect liver function.  Recovery after termination of exposure occurs
but is slow and depends upon the amount of PCBs stored in adipose tissue
(Clayton and Clayton, 1981).

Human exposures to PCBs resulting in toxic effects have been documented from
the ingestion of rice oil contaminated with “Kanechlor 400” in Japan (resulting
in Yusho or rice oil disease) or from industrial exposure.  Clinical symptoms of
poisoning included acne-like skin eruptions (chloracne), eyelid edema,
conjunctival discharge, skin and nail pigmentation, and hyperkeratosis.  Yusho
patients are estimated to have ingested approximately 0.07 mg/kg/day for at least
50 days.  The rice oil was found to be contaminated with polychlorinated
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dibenzofuran, which is believed to have played a significant role in the observed
toxicity (Bandiera et al., 1984; Kashimoto et al., 1981).

Bioaccumulated mixtures are of greatest concern, because they appear to be more
toxic than commercial mixtures and more persistent in the body (Hovinga et al.,
1992).  Two highly exposed populations are exposed to bioaccumulated mixtures.
One is nursing infants, for whom average intake of total PCBs was estimated at
1.5 to 27 µg/kg-d (ATSDR, 1997), 3 to 11 µg/kg-d (WHO, 1993), or 2.1 µg/kg-d
(Kimbrough, 1995), compared to 0.2 µg/kg-d estimated for adults (WHO, 1993;
Kimbrough, 1995).  Dietary intake varies widely, often depending on proximity
to where PCBs were released into the environment.  Using the narrower range (3
to 11 µg/kg-d), average daily intake for a 5-kg nursing infant would be 15 to 55
µg, about triple the average adult intake, and approximately 50-fold higher when
adjusted for body weight.

Fein et al. (1984a, 1984b) studied the effects of low-level chronic exposure to
PCBs in pregnant women and their newborn offspring from consumption of Lake
Michigan fish.  Low levels of PCBs were reported to cause decreases in birth
weight, head circumference, and gestational age of the newborn.  PCBs were
apparently transmitted to the fetus across the placenta and to the newborn
through breast milk.  Behavioral deficiencies, including immaturity of reflexes and
depressed responsiveness, were reportedly observed in infants exposed to PCBs
(Fein et al., 1984a, 1984b).

The second highly exposed population to bioaccumulated mixtures is people
whose diet is high in game fish, game animals, or products of animals
contaminated through the food chain (EPA, 1996a).  For example, recreational
or subsistence anglers and their families who frequently eat fish from a
contaminated source have higher PCB exposures than the general population
(Johnson et al, 1998; ATSDR, 1997; Anderson et al., 1998; Hanrahan et al.,
1997).

Reference Doses for PCB Aroclors.  Two of the PCB aroclors have oral reference doses
available on IRIS, Aroclor 1016 and Aroclor 1254.  The studies that the RfDs are
based on, the critical target organs, and the confidence in the RfDs along with the
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uncertainty and modifying factors are detailed below.  In this assessment, the oral
RfD for Aroclor 1254 has been used to evaluate Aroclors 1221, 1232 1242, 1248,
and 1260 as well.

Aroclor 1016.  The oral RfD of 7E-5 mg/kg/day is based on a series of reports that
evaluated perinatal toxicity and long-term neurobehavioral effects of Aroclor 1016
in the same group of infant monkeys (Barsotti and van Miller, 1984; Levin et al.,
1988; Schantz et al., 1989, 1991).  Aroclor 1016 was administered to groups of
eight adult female rhesus monkeys via diet in concentrations of 1, 0.25, and 1.0
ppm for approximately 22 months.  Exposure began 7 months prior to breeding
and continued until offspring were weaned at age 4 months.  A decrease in birth
weight in the high-dose group was significantly lower in controls (p, 0.01)
(Barsotti and van Miller, 1984).  The offspring of the high-dose group were
significantly (p <0.05) impaired in behavioral testing (Schantz et al., 1989).
Behavioral dysfunctions, including deficits in visual recognition and short-term
memory, also have been observed in infants of human mothers who consumed fish
contaminated with PCB mixtures (Fein et al., 1984a,b; Jacobson et al., 1985,
1984; Gladen et al., 1988; Koopman-Esseboom et al., 1996).  An uncertainty
factor of 100 is applied to account for sensitive individuals, extrapolation from
monkeys to human, limitations in the database, and partial extrapolation from
subchronic exposure to chronic.  A modifying factor of 1 indicates that no
modification was done.  The study, the database and the RfD carry a medium
level of confidence according to EPA, since essentially only one group of monkeys
was examined.

The absorption of PCBs through ingestion has been estimated to be over 90
percent, particularly for mixtures such as Aroclor 1016 with the lowest number
of chlorine atoms per PCB molecule (ATSDR, 1997).  Therefore, an absorption
factor of 1.0 was assumed for this Aroclor, so that the dermal RfD is the same as
the oral RfD.

Aroclor 1254.  The oral RfD of 2E-5 mg/kg/day was obtained from studies conducted by
Arnold et al. (1993a,b) and Tryphonas et al. (1989, 1991a,b).  Groups of 16 adult
female rhesus monkeys ingested gelatin capsules of Aroclor 1254 at dosages of 0,
5, 20, 40, or 80 µg/kg-day for more than 5 years.  After 25 months of exposure
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the monkeys had achieved a pharmacokinetic steady-state based on PCB
concentrations in adipose tissue and/or blood (Tryphonas et al., 1989).  General
health status was evaluated daily, and body weight measurements, feed conversion
ratio calculations, and detained clinical evaluation were performed weekly
throughout the study.  Analyses of clinical signs of toxicity were limited to the
occurrence of eye exudate, inflammation and/or prominence of the eyelid
Meibomian (tarsal) glands, and particular changes in finger and toe nails
(prominent nail beds, separation from nail beds, elevated nail beds, and nails
folding on themselves).  Monkeys that ingested 5 to 80 µg/kg-day doses of Aroclor
1254 showed ocular exudate, prominence and inflammation of the Meibomian
glands and distortion in nail bed formation.  These changes were seen at the
lowest dose tested and a dose-dependent response was demonstrated.  Similar
changes have been documented in humans for accidental oral ingestion of PCBs
(EPA, 1998).  An uncertainty factor of 300 was applied to account for sensitive
individuals, extrapolation from rhesus monkeys to humans, interspecies
extrapolation, and the extrapolation of a subchronic to chronic study.  The
modifying factor of 1 indicates that no modification was done.  The study, the
database and the RfD carry a medium level of confidence according to EPA.

The absorption of PCBs through ingestion has been estimated to be 75 to 100
percent for PCB mixtures (ATSDR, 1997), although mixtures with higher chlorine
content appear to have somewhat lower absorption.  An absorption factor of 90
percent was used to translate the oral RfD to an RfD suitable for evaluating
dermal exposure.  The conversion is as follows:

5.6.3 Polychlorinated Dibenzo-p-dioxins and Dibenzofurans
The polychlorinated dibenzodioxins (dioxins) include 75 individual compounds,
and the polychlorinated dibenzofurans (furans) include 135 individual
compounds.  These individual compounds are technically referred to as congeners.
Both PCDDs and PCDFs have eight positions on their molecules where chlorine
atoms can substitute for hydrogen atoms.  Only 7 of the 75 congeners of PCDDs
are thought to have dioxin-like toxicity; these are ones with chlorine substitutions
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in the 2, 3, 7, and 8 positions.  Only 10 of the 135 possible congeners of PCDFs
are thought to have dioxin-like toxicity; these also are ones with substitutions in
the 2, 3, 7, and 8 positions.  The toxicities of dioxin and furan congeners are
evaluated relative to the toxicity of 2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-
TCDD), the most intensively studied of the dioxin and furan congeners.

Noncarcinogenic effects from short-term or long-term exposure to dioxins/furans
are numerous.  These effects can range from nose, throat, and lung irritation to
headaches, dizziness, nausea, vomiting, nervous system and skin disorders, and
potentially damage to the liver, pancreas, circulatory and respiratory systems
depending on the duration and of severity of exposure (Sittig, 1991).

The carcinogenicity of dioxins has been thoroughly investigated through
numerous studies and experiments to determine its potential impacts to human
health.  Of the data that are available, there is sufficient evidence to conclude the
carcinogenicity of 2,3,7,8-TCDD in experimental animals (Class B2).  A number
of experiments with rats and mice has demonstrated that the incidence of liver
tumors consistently increased in males and females with the dermal and oral
administration of 2,3,7,8-TCDD (McGregor et al., 1998).  In addition, other
cancers have been observed in experimental animals such as lymphomas, alveolar
and bronchiolar adenomas and carcinomas, and thyroid follicular cell adenomas
depending on the animal species, sex, and route of administration (McGregor et
al., 1998).

Human data on the carcinogenicity of dioxins is inconclusive, but there is limited
epidemiological evidence in humans to support the carcinogenicity of 2,3,7,8-
TCDD.  Various investigations show a weak link between occupational and
environmental exposures of 2,3,7,8-TCDD and carcinogenicity in humans.  The
most important information on the carcinogenicity of 2,3,7,8-TCDD related to
human exposure has been done through cohort studies in areas with varying
degrees of 2,3,7,8-TCDD contamination.  Overall, an increased risk for all cancers
combined was seen across the cohort studies rather than for any specific site
(McGregor et al., 1998).  The largest magnitude of increase generally occurred in
subcohorts considered to have the highest 2,3,7,8-TCDD exposure within cohort
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groups.  Most commonly, lung cancers were observed amongst these more highly
exposed subcohorts (McGregor et al., 1998).

Information on the carcinogenicity of furans is less available than that for dioxins.
There have been no long-term studies on experimental animals with furans to
adequately determine the carcinogenicity of these compounds (McGregor et al.,
1998).  The results are likewise for human data.  A few epidemiological cases
studies were followed to investigate exposure to furans, but the data showed
inadequate evidence to conclude the carcinogenicity of furans in humans
(McGregor et al., 1998).

Derivation of Cancer Slope Factor
Based on a study done by Kociba et al. (1978) the EPA has derived a cancer slope
factor of 150,000 (mg/kg/day)  for both the oral and inhalation exposure routes-1

associated with 2,3,7,8-TCDD.  Calculations were based on the increased
incidence of tumors of the lungs and liver in female rats fed diets containing
2,3,7,8-TCDD for 2 years (EPA, 1985b).  This value is currently under review
and is subject to change with further investigation.  In this analysis, the oral CSF
is used to evaluate absorbed doses estimated for the dermal pathway.

For risk assessment purposes, oral and inhalation CSFs have been derived using
toxicity equivalency factors (TEFs) for the dioxin/furan congeners.  This procedure
involves assigning individual TEFs to the dioxin or furan congeners.  TEFs are
estimates of the toxicity of dioxin-like compounds relative to the toxicity of
2,3,7,8-TCDD, which is assigned a TEF of 1.0.  All other congeners have lower
TEF values ranging from 0.5 to 0.00001.  TEF values for dioxin and furan
congeners are presented in Table 5-39.  TEFs have been developed by the EPA
(1989b) and by the World Health Organization (1997).  The TEFs can be used
two ways.  TEFs can be multiplied by the CSF for 2,3,7,8-TCDD to yield a CSF
for the specific congener.  Alternatively, the concentration of the congener can be
multiplied by its TEF to calculate an equivalent concentration of 2,3,7,8-TCDD.
For many congeners, the EPA and WHO values are the same; however, for
2,3,7,8-PCDD the WHO TEF is twice that of EPA’s, and for OCDD and OCDF,
the EPA TEF is 10 times greater than the WHO value.  This risk assessment
incorporates the EPA TEFs into the calculations.
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Derivation of Reference Dose
No RfDs for either ingestion or inhalation are available on IRIS.  An oral RfD of
10  mg/kg-day (1 pg/kg-day) had previously been established for 2,3,7,8-TCDD,-9

but this value has been withdrawn from IRIS.  This value will be used in this
evaluation for 2,3,7,8-TCDD to evaluate noncarcinogenic effects of oral and
dermal exposure (EPA policy).  The noncarcinogenic effects of inhalation exposure
will not be evaluated.

5.6.4 Dieldrin
Dieldrin is amongst the group of compounds classified as chlorinated organic
pesticides and causes a variety of noncarcinogenic effects when short-term acute
exposure or long-term chronic exposure occurs.  Such effects include nausea,
dizziness, headaches, muscle twitches, convulsions, and skin and eye disorders
(Sittig, 1991).

Several toxicological studies of dieldrin done on animals have yielded sufficient
evidence to conclude it is a carcinogenic compound (Class B2).  Dieldrin, which
is structurally related to compounds which produce tumors in rodents (aldrin,
chlordane, heptachlor epoxide, and chlorendic acid), caused benign liver tumors
and hepatocarcinomas at different dose levels in various strains of mice of both
sexes when administered orally.

Human carcinogenic data for dieldrin is inadequate to draw the same conclusions
reached by animal studies.  Two studies which followed workers exposed to aldrin
and to dieldrin reported no increased incidence of cancer.  Both studies were
limited in their ability to detect an excess of cancer deaths.  Van Raalte (1977)
observed two cases of cancer (gastric and lymphosarcoma) among 166 pesticide
manufacturing workers exposed 4 to 19 years and followed from 15 to 20 years.
Exposure was not quantified, and workers were also exposed to other
organochlorine pesticides (endrin and telodrin).  The number of workers studied
was small, the mean age of the cohort (47.7 years) was young, the number of
expected deaths was not calculated, and the duration of exposure and of latency
was relatively short.  Recent data have also linked dieldrin exposure to increased
incidence of breast cancer (Hoyer et al., 1998).  Organochlorines are believed to
mimic the effects of estrogen, which promotes tumor growth in breast cancer.  A
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Danish study of over 7,000 women monitored for 19 years found that women
with the highest levels of dieldrin in their blood were twice as likely to develop
breast cancer as women with the lowest levels.

Derivation of Cancer Slope Factors
The oral and inhalation cancer slope factor of 1.6E+01 (mg/kg/day)  is based on-1

the geometric mean of 13 slope factors calculated from liver carcinoma data in
both sexes of several strains of mice fed diets of dieldrin.  Inspection of the data
indicated no strain or sex specificity of carcinogenic response.  For this
assessment, the oral CSF is used to evaluate absorbed doses for the dermal
exposure pathway.

Derivation of Reference Dose
The oral reference dose of 5.0E-05 mg/kg/day for dieldrin was calculated based on
an experiment by Walker et al. (1969) where dieldrin was administered to rats for
2 years at dietary concentrations approximately equal to 0, 0.005, 0.05 and 0.5
mg/kg/day.  Body weight, food intake, and general health remained unaffected
throughout the 2-year period, although at 0.5 mg/kg/day all animals became
irritable and exhibited tremors and occasional convulsions.  No effects were seen
in various hematological and in clinical chemistry parameters.  At the end of 2
years, females fed 0.05 and 0.5 mg/kg/day had increased liver weights and liver-to-
body weight ratios (p <0.05).  Evidence of hepatic lesions were considered to be
characteristic of exposure to an organochlorine insecticide.  The LOAEL was
identified as 0.05 mg/kg/day and the NOAEL as 0.005 mg/kg/day.  For this
assessment, the oral RfD is used to evaluate absorbed doses for the dermal
exposure pathway.

5.6.5 DDT, DDE and DDD
DDT is a chlorinated organic pesticide that is generally made up of a complex
mixture of DDT isomers and metabolites.  DDD and DDE are the metabolites
most commonly associated with technical grade DDT and result from degradation
of the mixture.  DDT, DDD, and DDE are structurally very similar, so their
behavior in the environment is similar as well (ICF, 1985).
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DDT, and its metabolites, DDD and DDE, have been classified by EPA as
probable human carcinogens based on adequate studies in animals and inadequate
studies in humans (Class B2).  Human exposure to DDT is primarily by ingestion
of contaminated food.  By EPA estimates, total intake of DDT each year for the
average U.S. resident is less than 3 mg/year (Sittig, 1991).  Points of attack
include the central nervous system, liver, kidneys, skin, peripheral nervous system.
DDT is of moderate toxicity to man and most other organisms.  However, its
extremely low solubility in water (0.0012 mg/L) and high solubility in fat
(100,000 ppm) result in great bioconcentration (Sittig, 1991).  Symptoms of
overexposure include paresthesia of the tongue, lips and face, tremors,
apprehension, dizziness, confusion, malaise, headache, convulsions, paresis of the
hands, vomiting and irritation of the eyes and skin (Sittig, 1991).

Derivation of Cancer Slope Factors
EPA has derived an oral cancer slope factor for DDT and DDE of 0.34
(mg/kg/day) .  In addition, the 0.34 (mg/kg/day)  also serves as the inhalation-1 -1

cancer slope factor for DDT.  The oral cancer slope factor for DDD, a structural
analog to DDT and DDE, is 0.24 (mg/kg/day)  based on extrapolation of data-1

from a study done by Tomatis et al. (1974) where evidence of liver tumors was
discovered in mice fed a diet of DDD.  For this assessment, the oral CSFs are used
to evaluate absorbed doses for the dermal pathways.

Derivation of Reference Dose
An oral RfD has been established for DDT of 0.0005 mg/kg/day based on a
observed NOEL of 0.05 mg/kg/day from a 27-week rat feeding study in which
liver lesions were the observed effect (Laug et al., 1950).  The uncertainty factor
associated with this value is 100.  No RfDs have been established for the
inhalation route of exposure by DDT, or for either route by DDE and DDD.  For
this assessment, the oral RfD is used to evaluate absorbed doses for the dermal
exposure pathways.

5.6.6 Arsenic
The toxicity of arsenic depends upon its chemical form along with the route, dose,
and duration of exposure.  In general, arsenites (As ) are potentially more toxic+3

than arsenates, soluble arsenic compounds are potentially more toxic than
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insoluble compounds, and inorganic arsenic compounds are potentially more toxic
than organic derivatives (EPA, 1985a).

There is sufficient evidence that arsenic is a human carcinogen.  Cancers
associated with arsenic exposure include skin, multiple organs (liver, kidney, lung
and bladder) associated with oral exposure and lung via inhalation exposure.  EPA
classifies arsenic as a Class A human carcinogen.  There is inadequate evidence for
the carcinogenicity of arsenic chemicals in animals.

Acute toxic effects are generally seen following ingestion of inorganic arsenic
compounds; these include throat constriction, epigastric pain, vomiting, and
watery diarrhea.  The lethal dose for humans is reported to be 1.0 to 2.6 mg/kg-
BW (Vallee et al., 1960).  While these effects were observed in controlled
laboratory situations, the most relevant effects for the Lower Fox River and Green
Bay risk assessment are long-term subchronic or chronic effects from exposure to
low concentrations of arsenic.

Derivation of Cancer Slope Factors
The EPA has provided an oral CSF of 1.5 (mg/kg/day)  in IRIS (EPA, 1998).-1

This oral CSF is based on a 1977 study, conducted by Tseng (1977), of a Taiwan
population that was exposed to arsenic contamination of a water supply (EPA,
1998).  There has not been consistent demonstration of arsenic carcinogenicity
in test animals for various chemical forms administered by different routes to
several species.  As a result, the uncertainties associated with ingested inorganic
arsenic are such that estimates could be modified downwards as much as an order
of magnitude relative to risk estimates associated with most other carcinogens
(EPA, 1998).

The majority of tests in which experimental animals were exposed orally to a
variety of arsenic compounds produced negative results regarding carcinogenicity
(Hueper and Payne, 1962; Byron et al., 1967).  A few studies have, however,
reported tumorigenic effects of arsenic treatment (Schrauzer et al., 1978).
Epidemiological studies conducted in the U.S. have failed to correlate the
incidence of skin cancer with arsenic in drinking water (Morton et al., 1976;
Goldsmith et al., 1972).  A dose-response relationship between the occurrence of
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skin cancer and arsenic consumption in the drinking water of Taiwanese, however,
was reported by Tseng et al. (1977).  Arsenic exposure at certain doses may
produce a pattern of skin disorders, hyperpigmentation, and keratosis that may
develop into basal or squamous cell carcinoma (EPA, 1985a).  Several
epidemiological studies of workers occupationally exposed to arsenic have reported
a correlation between this exposure and mortality due to respiratory cancer
(Higgins et al., 1982; Enterline and Marsh, 1982; Brown and Chu, 1983).

To evaluate dermal exposures, a CSF based on an absorbed dose must be
calculated.  The oral CSF is based on an epidemiological study of people ingesting
arsenic in their drinking water.  Dollarhide (1993) reported that 95 percent of
ingested arsenic in water is absorbed.  Therefore, the CSF on an absorbed dose is
1.5 (mg/kg-day)  /0.95 or 1.6 (mg/kg-day) .-1 -1

The EPA has reported a unit risk for arsenic to be 4.3E-03 (µg/m ).  The3

inhalation slope factor of 1.5E+01 (mg/kg/day)  was calculated using the-1

equations presented earlier.  The unit risk was based on the results of two studied
populations of smelter workers (EPA, 1984a).  Observed lung cancer incidence
was significantly increased over expected values.  Mixed results regarding
carcinogenicity were reported in arsenic inhalation studies (Ishinishi et al., 1977;
Ivankovic et al., 1979).

Derivation of Reference Dose
Subchronic effects from oral exposure to arsenic include hyperpigmentation
(melanosis), multiple arsenical keratoses, sensory-motor polyneuropathy,
persistent chronic headache, lethargy, gastroenteritis, and mild iron deficiency
anemia.  Chronic oral exposure of humans to inorganic arsenic compounds has
been reported to cause skin lesions, peripheral vascular disease, and peripheral
neuropathy (Silver and Wainman, 1952).

A chronic and subchronic oral RfD has been established for arsenic of 0.0003
mg/kg/day.  This value was derived from the Tseng (1977) study which
investigated the relationship between peripheral circulatory disease characterized
by gangrene of the extremities and the arsenic concentrations in drinking water
of over 40,000 residents of Taiwan.  This study established a NOAEL of 0.001
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to 0.017 mg/L for blackfoot disease.  The uncertainty factor used in establishing
the RfD was 3, to account for the lack of data on reproductive effects and for
potentially sensitive individuals in the population.

Dermal exposure to trivalent arsenic compounds (As ) could result in local+3

hyperemia due to the corrosivity of the arsenic compound (Sittig, 1991).  Arsenic
trioxide and pentoxide are capable of producing skin sensitization and contact
dermatitis.

To evaluate dermal exposures, a RfD based on an absorbed dose must be
calculated.  The oral RfD is based on the same epidemiological study that is the
basis for the oral CSF, so the absorption factor of 95 percent reported by
Dollarhide (1993), is applicable here.  Therefore, the RfD based on an absorbed
dose is 0.0003 mg/kg-day ( 0.95 or 0.00029 mg/kg-day.

Inhalation reference doses have not been developed for arsenic.  The symptoms
of chronic inhalation exposure to arsenic compounds are similar to those
associated with chronic oral toxicity.  Later symptoms from chronic inhalation of
arsenic may include conjunctivitis, perforation of the nasal septum, skin lesions,
and inflammation of the respiratory tract mucous membranes (Sittig, 1991).
While not a likely exposure for the Lower Fox River and Green Bay, acute toxicity
from inhalation exposure to arsenic adsorbed to particulate matter may result in
conjunctivitis and pharyngitis.

5.6.7 Lead
Lead can be absorbed by the oral, inhalation or dermal exposure routes.  Once
absorbed, lead is distributed to the various organs of the body, with most
distribution occurring into bones, kidneys, and liver (EPA, 1984b).  Placental
transfer to the developing fetus is possible (Bellinger et al., 1987).  Inorganic lead
is not known to be biotransformed within the body.

Although not applicable to the Lower Fox River and Green Bay assessment, cases
of acute lead poisoning in humans are not common and have not been studied in
experimental animals as thoroughly as chronic lead poisoning.  Symptoms of acute
lead poisoning from deliberate ingestion by humans may include vomiting,
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abdominal pain, hemolysis, liver damage, and reversible tubular necrosis (EPA,
1984b).

Lead and most lead chemicals are classified by the EPA as Class B2 probable
human carcinogens, resulting from sufficient evidence of carcinogenicity in
experimental animals and inadequate evidence of carcinogenicity in humans.  The
classification was a result of recent studies reporting that lead salts, primarily
phosphates and acetates, administered by the oral route or by injection, produce
renal tumors in rats.  No quantitative estimate of cancer potency has been
developed for lead compounds.  EPA has also considered it inappropriate to
develop an RfD since many of the health effects associated with lead intake occur
essentially without a threshold (EPA, 1998).

Subacute exposures in humans reportedly may produce a variety of neurological
effects including dullness, restlessness, irritability, poor attention span, headaches,
muscular tremor, hallucinations, and loss of memory.  Nortier et al. (1980) report
encephalopathy and renal damage to be the most serious complications of chronic
toxicity in man and the hematopoietic system to be the most sensitive.  For this
reason, most data on the effects of lead exposure in humans are based upon blood
lead levels.  The effects of lead on the formation of hemoglobin and other
hemoproteins, causing decreased levels, are reportedly detectable at lower levels
of lead exposure than in any other organ system (Betts et al., 1973).  Peripheral
nerve dysfunction is observed in adults at levels of 30 to 50 µg/dl-blood.
Children’s nervous systems are reported to be affected at levels of 15 µg/dl-blood
and higher (Benignus et al., 1981).  In high doses, lead compounds may
potentially cause abortions, premature delivery, and early membrane rupture
(Rom, 1976).

EPA guidance (1994) recommends the use of the EPA Integrated Exposure
Uptake/Biokinetic (IEUBK) Model for determining blood lead levels for children
exposed to lead in soil, dust, and paint.  The model recommends a model
benchmark of “either 95 percent of the sensitive population having blood lead
levels below 10 microgram per deciliter (µg/dl) or a 95 percent probability of an
individual having a blood lead level below 10 µg/dl.”  The blood action level is not
considered a threshold level below which no adverse effects are expected because
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of the possibility that some adverse effects may occur at lower blood levels than
10 µg/L.

The EPA Technical Review Workgroup for Lead developed a biokinetic model for
nonresidential adult exposure to lead in soil (EPA, 1996c).  This model is a
simplified representation of lead biokinetics to predict quasi-steady-state blood
lead concentrations among adults who have relatively steady patterns of site
exposures.  The model incorporates a simplified slope factor approach, much like
the model proposed by Bowers et al. (1994).  The model assumes a baseline lead
level based on average blood lead levels for adults.  Media-specific ingestion and
absorption parameters are assessed for the adult population, and a biokinetic slope
factor that relates uptake of lead into the body to blood lead levels is estimated.
Thus, adult blood lead levels are calculated based on statistical information
concerning baseline exposures to lead primarily from dietary lead and an
assessment of current exposure to lead in soil and dust.  In addition to soil and
dust exposure, the model can be applied to assess the exposure pathways of
ingestion of fish and waterfowl for the Lower Fox River and Green Bay assessment
(personal communication with Mark Maddaloni, Technical Review Workgroup
for Lead, 8/1/98).

5.6.8 Mercury
Mercury has been classified by the EPA as Group D; i.e., not classifiable as to
human carcinogenic potential (EPA, 1998).  The dose-response assessment for
mercury, therefore, is based on noncarcinogenic health endpoints.  IRIS reports
verified oral reference doses for mercuric chloride and methyl mercury.  These
values were used to evaluate inorganic and organic mercury, respectively.  An
inhalation RfC for elemental mercury is reported in HEAST (EPA, 1997b).  This
risk assessment also includes an evaluation of total mercury, which incorporates
the oral RfD from methyl mercury and the inhalation RfC from mercuric chloride.
This was done in order to conservatively estimate health effects for mercury when
the class (i.e., organic or inorganic) was unknown, and in the absence of an oral
RfD for elemental mercury.

Derivation of Oral Reference Doses
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Mercuric Chloride.  The oral RfD for mercuric chloride is 3.0E-04 mg/kg-day (EPA,
1998).  It is based on three subchronic studies with Brown Norway rats using oral
or subcutaneous dosing regimens (EPA, 1987).  The target effect was autoimmune
effects in the kidney.  The RfD was based on a consensus opinion of a panel of
mercury experts that met on October 26–27, 1987 to review issues concerning the
health effects of inorganic mercury.  The panel’s main conclusions were that the
most sensitive adverse effect for mercury was formation of mercuric ion-induced
autoimmune glomerulonephritis.  The results from studies in the Brown rat were
determined to be the best ones available for risk assessment.  Because this animal
is a good surrogate for sensitive humans, the uncertainty factor should be reduced
by a factor of 10 from the normal factor that would be used when based a RfD on
a LOAEL in a subchronic animal study (10 × 10 × 10 × 10 = 10,000).  Thus,
the uncertainty factor used is 1,000.  EPA’s confidence in the oral RfD is high.
For this risk assessment, the oral RfD is used to evaluate absorbed doses for the
dermal exposure pathway.

An acute oral Minimal Risk Level (MRL) for inorganic mercury of 0.007 mg/kg-
day for renal/urinary effects was developed by ATSDR (1998).

Methyl Mercury.  The oral RfD for methyl mercury is 1.0E-04 (EPA, 1998).  It is based
on a benchmark dose in maternal hair equivalent to maternal blood and body
burden levels associated with developmental neurologic abnormalities in the
offspring.  The data is based on effects seen in Iraq when mothers were exposed
to methylmercury treated grain in bread.

An uncertainty factor of 10 is used in deriving the RfD from the benchmark dose
of 1.1 µg/kg-day.  This factor is based on a factor of 3 for variability in the human
population, a factor of 3 for lack of a two-generation reproductive study, and a
factor of 3 for lack of data on the effect of exposure duration on developmental
neurotoxicity and adult paresthesia.  For this assessment, the oral RfD is used to
evaluate absorbed doses for the dermal exposure pathway.

EPA’s confidence in the RfD is medium.  It should be noted, however, that there
is a scientific debate concerning the appropriateness of using the Iraqi poisoning
data for RfD derivation.  Both reanalysis of the Iraqi data and recent data from
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human populations in the Seychelles Islands who consumed mercury containing
fish for long periods of time indicated that the RfD could be somewhat higher
than the current EPA-verified value (Crump, et al., 1995; Meyers, et al., 1994).

Derivation of the Inhalation Reference Dose
The Health Effects Assessment Summary Tables (EPA, 1997b) report an
inhalation reference concentration for elemental mercury of 0.3 µg/m  for3

subchronic and chronic exposures.  This corresponds to a RfD of 8.75E-05 mg/kg-
day using the equations presented earlier for translating an RfC to an inhalation
RfD.  The reported value was based on several occupational studies involving
exposed workers evaluated for neurotoxic effects.  An uncertainty factor of 30 was
applied to the concentration of 9 µg/m  to develop the reference concentration3

(EPA, 1997b).  No inhalation RfCs were reported for other forms of mercury.

5.6.9 Summary of Toxicity Criteria
The EPA-derived toxicity criteria used in this risk assessment are presented in
Tables 5-40 and 5-41.  Table 5-40 summarizes the cancer slope factors for each
chemical of potential concern, and Table 5-41 summarizes the chronic reference
dose.

Three different measures of PCB concentrations are available.  First, all samples
where PCB was analyzed, a total concentration of PCBs (Total PCBs) was
determined (either the sum of Aroclors or the sum of congeners).  Second, for a
number of samples, the concentrations of individual Aroclors are available.  Third,
for a number of samples, the concentrations of congeners are available.  Therefore,
the potential toxicity of PCBs was evaluated three ways.  First, potential cancer
and noncancer effects were evaluated based on the concentrations of total PCBs
using the cancer slope factors presented in Table 5-40 (based on the values for the
highest risk and persistence in Table 5-37) and the reference dose for Aroclor
1254.  Second, potential cancer and noncancer effects were evaluated based on
the concentrations of each Aroclor.  The cancer slope factors for the lowest risk
and persistence in Table 5-37 were used for Aroclor 1016, while the cancer slope
factors for the highest risk and persistence in Table 5-38 were used for all other
Aroclors.  The RfD for Aroclor 1016 was used for this Aroclor (EPA, 1996a),
while the RfD for Aroclor 1254 was used for that Aroclor and Aroclors 1221,
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1232, 1342, 1248 and 1260.  Third, potential cancer effects were evaluated based
on the concentrations of individual PCB congeners.  The cancer slope factors for
the individual congeners were developed by multiplying the TEFs for congeners
in Table 5-38 by the cancer slope factors for 2,3,7,8-TCDD.

The cancer slope factors for individual dioxin and furan congeners were derived
by applying the TEF (refer to Table 5-39) to the cancer slope factor for 2,3,7,8-
TCDD.  For the pesticides (dieldrin, 4,4'-DDD, 4,4'-DDE, and 4,4'-DDT) and
arsenic, cancer slope factors were obtained directly from EPA sources as discussed
previously.  In addition, the reference doses for dieldrin, 4,4'-DDT, and arsenic
were obtained from EPA sources as discussed previously.

The recent paper by Hurley et al. (1998) suggests that much of the mercury in the
Lower Fox River is in an inorganic, not organic (i.e., methyl mercury), form.  To
evaluate the influence of the different forms of mercury on its toxicity, the
analysis was designed to evaluate three types of mercury:  total, organic, and
inorganic.  For total mercury, the most conservative RfDs were chosen:  the oral
RfD for methyl mercury and the inhalation RfD for elementary mercury.  For
organic mercury, the oral RfD for methyl mercury was used.  Since methyl
mercury does not have an inhalation RfD, no RfD was assigned to the inhalation
pathway for organic mercury.  For inorganic mercury, the oral RfD for mercuric
chloride was used, while the inhalation RfD for elemental mercury was assigned
to the inhalation pathway.

5.7 Baseline Risk Characterization

5.7.1 Overview
In Section 5.4, intake assumptions were formulated for each receptor, while in
Section 5.5, exposure point concentrations were estimated for media that
receptors may potentially contact.  These intake assumptions and exposure point
concentrations can be combined to generate intakes.  Section 5.6 presented
toxicological parameters used to estimate potential human health effects
associated with chronic exposures.  In this section, the intakes are combined with
the toxicological parameters to estimate potential human health effects.  Two
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types of potential health effects are evaluated:  carcinogenic and noncarcinogenic.
Carcinogenic effects are quantified by estimating the probability of contracting
cancer based on site-related exposure.  Noncarcinogenic effects are quantified by
estimating a hazard index.

Cancer risks are estimated as the incremental probability of an individual
developing cancer over a lifetime as a result of exposure to a potential carcinogen.
In order to estimate the cancer risk, the intake (defined as a lifetime average daily
dose, or LADD) is multiplied by the cancer slope factor:

For each pathway, this calculation is performed for each chemical considered to
be potentially carcinogenic, and the risks are summed to obtain the total risk due
to that pathway.  The total cancer risk for a particular receptor is then calculated
as the sum of the risks from all exposure pathways.  Wisconsin uses a risk level of
10  for evaluating cumulative cancer risks in the evaluation of sites under chapter-5

NR 700 while Superfund uses a risk level of 10 as the point at which risk-6 

management decisions may be considered.  Risk management decisions most
frequently made under Superfund are in the cancer risk range of 10  to 10 .-6 -4

Potential noncarcinogenic effects were evaluated by calculating a chronic hazard
index.  For a single compound and intake route, the hazard quotient (HQ) is the
ratio of the intake (defined as an average daily dose or ADD) to a reference dose:

The reference dose is a threshold dose or intake which is conservatively chosen so
that if the estimated intake is less than the reference dose (i.e., the hazard index
is less than 1), there is almost no possibility of an adverse health effect.  However,
if the intake exceeds the reference dose (the hazard index exceeds 1), this does not
indicate an adverse health effect is expected, only that a conservative threshold
is exceeded.  For each pathway, a HQ is derived for all appropriate chemicals.
HQs for all chemicals and exposure pathways are summed to obtain the total
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hazard index (HI) for that receptor.  Wisconsin under chapter NR 700 and EPA
under Superfund both use a hazard index of 1 as a point at which risk
management decisions may be considered.

A relatively large number of receptors are evaluated in a number of reaches in the
Lower Fox River and Green Bay.  To facilitate the computation of cancer risks and
hazard indices, unit risks and unit hazard indices were calculated for each receptor
and pathway by utilizing unit exposure point concentrations in the equations for
calculating risks and hazard indices.  For each receptor in each location, the unit
risks and hazard indices were subsequently multiplied by actual concentrations to
determine risks and hazard indices for that receptor in that location.

The remainder of this section presents the cancer risks and hazard indices by
receptor.  Unit risks and unit hazard indices for each receptor are presented in
Appendix B2 along with cancer risks and noncancer hazard indices for each
chemical and each exposure pathway in each location.  In this section, summary
tables of cancer risks and hazard indices are presented for each receptor.  The
summary tables for cancer risks are divided into two parts.  In the first part, risks
calculated using total PCB concentrations are provided along with risks for other
chemicals.  This part of each summary table includes risks for the following groups
of chemicals:

C Total PCBs:  the results based on the concentrations of total PCBs

C Total Dioxins/Furans:  the sum of the results for all dioxin and furan
congeners

C Total Pesticides:  the sum of the results for dieldrin, 4,4'-DDD, 4,4'-
DDE, and 4,4'-DDT

C Arsenic:  the only inorganic that is considered carcinogenic

The second part of each table contains a focused evaluation of risks due to PCBs.
Cancer risks are calculated separately for total PCB data, the Aroclor data and the
congener data.
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Similarly, the tables for hazard indices are divided into two parts.  In the first
part, hazard indices are calculated using total PCB concentration data along with
hazard indices for other chemicals.  This part of each summary table includes
hazard indices for the following groups of chemicals:

C Total PCBs:  the results based on the concentrations of total PCBs

C Total Dioxins/Furans:  the sum of the results for all dioxin and furan
congeners

C Total Pesticides:  the results for dieldrin, 4,4'-DDD, 4,4'-DDE and
4,4'-DDT

C Arsenic

C Mercury:  the results using the concentration of total mercury

The second part of each table with hazard indices contains a focused evaluation
of hazard indices due to PCBs.  Hazard indices are calculated separately for total
PCB data and Aroclor data.

5.7.2 Recreational Angler

Risk and Hazard Index Equations
For the recreational angler, potential exposures occur via ingestion of fish,
incidental ingestion of water, dermal contact with water and inhalation of outdoor
air.  The equation used to calculate risks for this receptor for chemical i is:

where:
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R = cancer risk for chemical ii

URFfsh1-ing-c = unit risk factor for chemical i for ingestion of fish (kg/mg)i

RF = reduction factor for chemical i for fish (mg/mg)fishi

Cfish = measured concentration of chemical i in fish (mg/kg)measi

URFw2-ing-c = unit risk factor for chemical i for incidental ingestion ofi

surface water (L/mg)
C = measured total concentration of chemical i in water (mg/l)sw-ti

URFw2-d-c = unit risk factor for chemical i for dermal contact withi

surface water (L/mg)
C = measured dissolved concentration for chemical i in watersw-di

(mg/L)
URFa2-inh-c = unit risk factor for chemical i for inhalation of outdoor airi

(m /mg)3

TF = transfer factor for volatilization from surface water toswoai

outdoor air (L/m )3

The total risk for all chemicals is obtained by summing the individuals values of
R  for each chemical.i

The equation used to calculate hazard indices is:

The variables in this equation have been defined previously except:

HI = hazard index for chemical ii

UHIfsh1-ing-c = unit hazard index for chemical i for ingestion of fishi

(kg/mg)
UHIw2-ing-c = unit hazard index for chemical i for incidental ingestion ofi

surface water (L/mg)
UHIw2-d-c = unit hazard index for chemical i for dermal contact withi

surface water (L/mg)
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UHIa2-inh-c = unit hazard index for chemical i for inhalation of outdoori

air (m /mg)3

The unit risks and hazard indices are presented in Appendix B2, the transfer
factors are in Appendix B1, and the measured concentrations and reduction
factors were discussed previously.

Cancer Risks and Hazard Indices
Table 5-42 presents the cancer risks for the recreational angler using reasonable
maximum exposure (RME) assumptions and upperbound exposure point
concentrations, while Table 5-43 presents the chronic hazard indices for this same
receptor.  Tables 5-44 and 5-45 present the cancer risks and chronic hazard
indices for the recreational angler using RME assumptions and average exposure
point concentrations.  Tables 5-46 and 5-47 present the cancer risks and chronic
hazard indices for the recreational angler using central tendency exposure (CTE)
assumptions and average exposure point concentrations.  The table below provides
a summary of the cancer risks and hazard indices for the various exposure
assumptions.

Exposure Scenario to Little Rapids to Green Bay

Little
Lake De Pere to

Butte des Green Bay
Morts

Appleton Little

Rapids De Pere

Cancer Risks
RME with Upper- 2.8E-03 2.8E-03 3.9E-04 1.5E-03 4.4E-03
bound Concentrations

RME with Average
Concentrations

2.0E-03 2.2E-03 3.1E-04 1.3E-03 2.8E-03

CTE with Average
Concentrations

3.0E-04 3.3E-04 4.8E-05 2.0E-04 4.3E-04

Hazard Indices
RME with Upper- 106.3 108.8 16.8 56.5 124.7
bound Concentrations

RME with Average
Concentrations

74.0 84.3 13.5 48.9 78.9

CTE with Average
Concentrations

18.8 21.4 3.4 12.4 20.0
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The results above indicate that cancer risks for the recreational angler exceed a
risk of 1 × 10  for all areas under all exposure scenarios.  The results by pathway-6

(Tables 5-42, 5-44 and 5-46) indicate that in each case, the cancer risk for the
fish ingestion pathway comprises essentially 100 percent of the total risk, and that
total PCBs are the driving chemical, being responsible for over 90 percent of the
risk in each reach in the Lower Fox River and over 70 percent of the risk in Green
Bay.  In addition, the hazard indices for each reach and exposure scenario exceed
1.  As with the results for cancer risks, the fish ingestion pathway comprises
essentially 100 percent of the total hazard index, and total PCBs are the driving
chemical (refer to Tables 5-43, 5-45, and 5-47).

5.7.3 Subsistence Angler

Risk and Hazard Index Equations
For the subsistence angler, potential exposures occur via ingestion of fish,
incidental ingestion of water, dermal contact with water and inhalation of outdoor
air.  The equations used to calculate cancer risks and hazard indices for this
receptor are identical to those presented above for the recreational angler.

The unit risks and unit hazard indices for the subsistence angler are presented in
Appendix B2, the transfer factors are in Appendix B1, and the measured
concentrations and reduction factors were discussed previously.

Cancer Risks and Hazard Indices
Table 5-48 presents the cancer risks for the subsistence angler using RME
assumptions and upperbound exposure point concentrations, while Table 5-49
presents the chronic hazard indices for this same receptor.  Tables 5-50 and 5-51
present the cancer risks and chronic hazard indices for the subsistence angler
using RME assumptions and average exposure point concentrations.  Tables 5-52
and 5-53 present the cancer risks and chronic hazard indices for the subsistence
angler using CTE assumptions and average exposure point concentrations.  The
table below provides a summary of the cancer risks and hazard indices for the
various exposure assumptions.
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Exposure Scenario Butte des to Little Rapids to Green Green Bay
Little Lake Appleton Little De Pere to

Morts Rapids De Pere Bay

Cancer Risks
RME with Upper- 3.8E-03 3.8E-03 5.3E-04 2.1E-03 6.0E-03
bound Concentrations

RME with Average
Concentrations

2.7E-03 3.0E-03 4.3E-04 1.8E-03 3.8E-03

CTE with Average
Concentrations

4.2E-04 4.7E-04 6.8E-05 2.9E-04 6.0E-04

Hazard Indices
RME with Upper- 145.5 149.1 22.9 77.4 170.8
bound Concentrations

RME with Average
Concentrations

101.3 115.6 18.5 67.0 108.0

CTE with Average
Concentrations

26.5 30.2 4.8 17.5 28.2

The results above indicate that cancer risks for the subsistence angler exceed a risk
of 1 × 10  for all areas under all exposure scenarios.  The results by pathway-6

(Tables 5-48, 5-50 and 5-52) indicate that in each case, the cancer risk for the
fish ingestion pathway comprises essentially 100 percent of the total risk, and that
total PCBs are the driving chemical, being responsible for over 90 percent of the
risk in each reach in the Lower Fox River and over 70 percent of the risk in Green
Bay.  In addition, the hazard indices for each area and exposure scenario exceed
1.  As with the results for cancer risks, the fish ingestion pathway comprises
essentially 100 percent of the total hazard index, and total PCBs are the driving
chemical (refer to Tables 5-49, 5-51, and 5-53).

5.7.4 Hunter

Risk and Hazard Index Equations
For the hunter, potential exposures occur via ingestion of waterfowl, incidental
ingestion of water, dermal contact with water and inhalation of outdoor air.  The
equation used to calculate risks for this receptor for chemical i is:
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The variables in this equation have been defined previously except:

URfd1-ing-c = unit risk factor for chemical i for ingestion of waterfowli

(kg/mg)
RF = reduction factor for chemical i for waterfowl (mg/mg)WFi

CWF = measured concentration of chemical i in waterfowl (mg/kg)measi

The total risk for all chemicals is obtained by summing the individuals values of
R  for each chemical.i

The equation used to calculate hazard indices is:

The variables in this equation have been defined previously except:

UHIfd1-ing-c = unit hazard index for chemical i for ingestion of waterfowli

(kg/mg)

The unit risks and unit hazard indices are presented in Appendix B2, the transfer
factors are in Appendix B1, and the measured concentrations and reduction
factors were discussed previously.

Cancer Risks and Hazard Indices
Table 5-54 presents the cancer risks for the hunter using RME assumptions and
upperbound exposure point concentrations, while Table 5-55 presents the chronic
hazard indices for this same receptor.  Tables 5-56 and 5-57 present the cancer
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risks and chronic hazard indices for the hunter using RME assumptions and
average exposure point concentrations.  Tables 5-58 and 5-59 present the cancer
risks and chronic hazard indices for the hunter using CTE assumptions and
average exposure point concentrations.  The table below provides a summary of
the cancer risks and hazard indices for the various exposure assumptions.

Exposure Scenario to Little Rapids to Green Green Bay

Little
Lake

Butte des
Morts

Appleton Little De Pere to

Rapids De Pere Bay

Cancer Risks
RME with Upper- 6.2E-05 5.5E-05 1.1E-04 5.5E-05 1.0E-04
bound Concentrations

RME with Average
Concentrations

3.4E-05 3.7E-05 3.0E-05 1.6E-05 4.7E-05

CTE with Average
Concentrations

1.0E-05 1.1E-05 9.1E-06 4.9E-06 1.4E-05

Hazard Indices
RME with Upper- 1.8 2.1 4.3 2.0 2.2
bound Concentrations

RME with Average
Concentrations

1.0 1.4 1.2 0.61 1.2

CTE with Average
Concentrations

0.51 0.69 0.58 0.31 0.59

The results above indicate that cancer risks for the hunter exceed a risk of 1 ×
10  for all areas under all exposure scenarios.  The results by pathway (Tables-6

5-54, 5-56 and 5-58) indicate that in each case, the cancer risk for the waterfowl
ingestion pathway comprises nearly 100 percent of the total risk, and that total
PCBs are commonly the driving chemical, being responsible for over 74 percent
of the risk in each reach in the Lower Fox River and over 60 percent of the risk
in Green Bay.  The one exception is in Green Bay, under the RME scenario with
upperbound concentrations, the risks are slightly higher from pesticides (51
percent) than from PCBs (49 percent).

The hazard indices for several reaches exceed 1 under the two RME scenarios;
however, the hazard indices are only slightly above this value.  In addition, for the
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CTE scenario, all hazard indices are below 1.  As with the results for cancer risks,
the waterfowl ingestion pathway comprises over 96 percent of the total hazard
index, and total PCBs are the driving chemical (refer to Tables 5-55, 5-57, and
5-59).

5.7.5 Drinking Water User

Risk and Hazard Index Equations
For the drinking water user, potential exposures occur via ingestion of  water,
dermal contact with water and inhalation of indoor air.  The equation used to
calculate risks for this receptor for chemical i is:

The variables in this equation have been defined previously except:

URFw1-ing-c = unit risk factor for chemical i for incidental ingestioni

of surface water by a young child (L/mg)
URFw1-d-c = unit risk factor for chemical i for dermal contact withi

surface water by a young child (L/mg)
URFw1av-inh-c = unit risk factor for chemical i for inhalation of indoori

air by a young child (m /mg)3

TF = transfer factor for chemical i for volatilization frombwai

bath water to air (L/m )3

URFw2av-inh-c = unit risk factor for chemical i for inhalation of indoori

air by an adult (m /mg)3

TF = transfer factor for chemical i for volatilization fromshi

shower water to air (L/m )3

The total risk for all chemicals is obtained by summing the individuals values of
R  for each chemical.i
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The equation used to calculate hazard indices is:

The variables in this equation have been defined previously except:

UHIw1-ing-c = unit hazard index for chemical i for incidentali

ingestion of surface water by a young child (L/mg)
UHIw1-d-c = unit hazard index for chemical i for dermal contacti

with surface water by a young child (L/mg)
UHIw1av-inh-c = unit hazard index for chemical i for inhalation ofi

indoor air by a young child (m /mg)3

UHIw2av-inh-c = unit hazard index for chemical i for inhalation ofi

indoor air by an adult (m /mg)3

The unit risks and unit hazard indices are presented in Appendix B2, the transfer
factors are in Appendix B1 and the measured concentrations were discussed
previously.

Cancer Risks and Hazard Indices
Table 5-60 presents the cancer risks for the drinking water user using RME
assumptions and upperbound exposure point concentrations, while Table 5-61
presents the chronic hazard indices for this same receptor.  The table below
provides a summary of the cancer risks and hazard indices for each reach and for
Green Bay.

Exposure Scenario Butte des to Little Rapids to to Green Green Bay
Little Lake Appleton Little DePere

Morts Rapids DePere Bay

Cancer Risks
RME with Upper- 2.5E-07 2.8E-07 2.2E-07 3.8E-05 9.7E-08
bound Concentrations
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Hazard Indices
RME with Upper- 3.6 0.12 3.2 0.35 2.3
bound Concentrations

The results above indicate that cancer risks for the drinking water user are below
a risk of 1 × 10  for all areas except the DePere to Green Bay reach.  The results-6

by pathway (Table 5-60) indicate that for each area, the cancer risk for the direct
contact with surface water pathways (ingestion and dermal contact) comprise over
97 percent of the total risk.  Total PCBs are the driving chemical for all areas
except the DePere to Green Bay reach, being responsible for essentially 100
percent of the risk in each area.  For the DePere to Green Bay reach, arsenic is the
driving chemical, contributing nearly 99 percent to the overall risk.  It should be
noted that arsenic was detected in only one surface water sample out of six
samples collected from this reach, and this was the only sample with detected
levels of arsenic in the nine samples from the Lower Fox River.  Therefore, the
exposure point concentration was based on this single detection of arsenic, and
may be overly conservative.  Finally, it should also be noted that water from this
reach of the Lower Fox River is not used for drinking water.

The hazard indices for two reaches and Green Bay slightly exceed 1, while the
other two reaches are below this level.  As with the results for cancer risks, the
direct contact with surface water pathways comprise the majority of the total
hazard index.  Total PCBs are the driving chemical in the Appleton to Little
Rapids reach (80 percent), while arsenic contributes the most in the DePere to
Green Bay reach (60 percent), and the other areas are driven by mercury (over 97
percent) (refer to Table 5-61).

Hazard indices above 1 in the Little Lake Butte des Morts reach, the Little Rapids
to DePere reach, and Green Bay are due to mercury.  However, the exposure point
concentrations for mercury in surface water are based on limited data from the
past 10 years.  These data include water samples for a variety of permits that
utilized generalized methods for mercury analysis, not analytical methods targeted
specifically to quantitate mercury concentrations at low levels.  A recent study by
Hurley et al. (1998) presented the results of surface water and sediment sampling
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that was targeted specifically at mercury in the Lower Fox River and utilized
analytical methods that allowed low concentrations of mercury to be quantitated.
The study by Hurley et al. (1998) measured water concentrations at several
locations in the Lower Fox River over time.  Samples collected between 1994 and
1996 from several locations along the Lower Fox River indicated a range of total
mercury concentrations from 0.0018 to 0.182 µg/L, with an average concentration
of 0.0292 µg/L.  In contrast, the detected total mercury concentrations included
in the Lower Fox River database used in this risk assessment ranged from 0.0002
to 7.14 µg/L with an average of 3.4 µg/L.  Since the mercury data from the study
by Hurley et al. (1998) is more comprehensive than the data assembled for the
Lower Fox River database and the data of Hurley et al. (1998) was collected to
specifically measure mercury at low concentrations, an additional evaluation of
the hazard indices to the drinking water user has been conducted, utilizing the
maximum detected concentration of mercury in the Lower Fox River from the
more recent data from Hurley et al. (1998) as a cap to the exposure point
concentration in each area.  If the exposure point concentration exceeded the
0.182 µg/L measured by Hurley et al. (1998), then this value was included in the
hazard index calculation.  This was done for dissolved mercury concentrations as
well as total concentrations, which is quite conservative because the data from
Hurley et al. (1998) indicate dissolved concentrations remain somewhat constant
around 0.001 µg/L.

The results based on the mercury data from Hurley et al. (1998) are presented in
Table 5-62 and are summarized below.  The first row restates the total hazard
indices calculated with the data from the Lower Fox River database while the
second row presents the total hazard indices calculated with mercury data from
Hurley et al. (1998).
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Exposure Scenario Butte des to Little Rapids to
Little Lake Appleton Little

Morts Rapids DePere

DePere to Green
Green Bay Bay

Hazard Indices
RME with Upper- 3.6 0.12 3.2 0.35 2.3
bound Concentrations

RME with Upper-
bound Concentrations
and Recent Mercury
Data

0.17 0.12 0.16 0.35 0.12

The hazard indices for the drinking water user are below 1 when incorporating the
more recent mercury data from Hurley et al. (1998).

5.7.6 Local Resident

Risk and Hazard Index Equations
For the local resident, potential exposures occur via inhalation of outdoor air.  The
equation used to calculate risks for this receptor for chemical i is:

The variables in this equation have been defined previously except:

URFa1-inh-c = unit risk factor for chemical  for inhalation of outdoor airi i

by a young child (m /mg)3

The equation used to calculate hazard indices is:

The variables in this equation have been defined previously except:
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UHIa1-inh-c = unit hazard index for chemical i for inhalation of outdoor airi

by a young child (m /mg)3

The unit risks and unit hazard indices are presented in Appendix B2, the transfer
factors are in Appendix B1 and the measured concentrations were discussed
previously.

Cancer Risks and Hazard Indices
Table 5-63 presents the cancer risks for the local resident using RME assumptions
and upper-bound exposure point concentrations, while Table 5-64 presents the
chronic hazard indices for this same receptor.  The table below provides a
summary of the cancer risks and hazard indices for each reach and for Green Bay.

Exposure Scenario Butte des to Little Rapids to to Green Green Bay
Little Lake Appleton Little DePere

Morts Rapids DePere Bay

Cancer Risks
RME with Upper- 1.2E-07 1.2E-07 9.0E-08 1.8E-07 8.9E-08
bound Concentrations

Hazard Indices
RME with Upper- 3.8 0.022 1.2 0.001 2.4
bound Concentrations

The results above indicate that cancer risks for the local resident are well below
a risk of 1 × 10  for all areas.  Inhalation of volatiles in outdoor air is the only-6

applicable pathway for this receptor, and total PCBs are the only carcinogenic
volatile constituents present in outdoor air (refer to Table 5-63).  Similarly, total
mercury is the only volatile constituent present in outdoor air having an
inhalation reference dose.  The hazard indices for the Appleton to Little Rapids
and DePere to Green Bay reaches are below the target hazard index of 1, while
the hazard indices for the local resident in the other areas slightly exceed 1 (refer
to Table 5-64).

Elevated hazard indices for the Little Lake Butte des Morts reach, the Little
Rapids to DePere reach, and Green Bay are due to mercury.  However, as
discussed in Subsection 5.7.5, the concentrations of mercury in surface water used
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in the exposure calculations are based on limited data from the past 10 years.
Therefore, an additional evaluation of the hazard indices to the local resident has
been conducted, utilizing the maximum detected concentration of mercury in the
Lower Fox River from the more recent and comprehensive study by Hurley et al.
(1998) to cap the surface water concentrations of each area.  If the dissolved or
total concentration of mercury exceeded the maximum total concentration of
mercury of 0.182 µg/L measured by Hurley et al. (1998), then this value was used
as the surface water concentration and the hazard indices were recalculated.

The results based on the more recent mercury data are presented in Table 5-65
and are summarized below.  The first row restates the total hazard indices
calculated with the data from the Lower Fox River database while the second row
presents the total hazard indices calculated with mercury data from Hurley et al.
(1998).

Exposure Scenario Butte des to Little Rapids to
Little Lake Appleton Little

Morts Rapids DePere

DePere to Green
Green Bay Bay

Hazard Indices
RME with Upper- 3.8 0.022 1.2 0.001 2.4
bound Concentrations

RME with Upper-
bound Concentrations
and Recent Mercury
Data

0.097 0.022 0.086 0.001 0.19

The hazard indices for the local resident are below 1 when incorporating the more
recent mercury data from Hurley et al. (1998).

5.7.7 Recreational Water User

Risk and Hazard Index Equations
For both recreational water users (swimmer and wader), potential exposures occur
via incidental ingestion of water, dermal contact with water, inhalation of outdoor
air, ingestion of sediment, and dermal contact with sediment or sediment pore
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water.  Assuming dermal contact with sediment, the equation used to calculate
risks for this receptor for chemical i is:

The variables in this equation have been defined previously except:

URFsd1-ing-c = unit risk factor for chemical i for ingestion of sedimenti

(kg/mg)
URFsd1-d-c = unit risk factor for chemical i for dermal contact withi

sediment (kg/mg)

Assuming dermal contact with sediment pore water, the equation used to calculate
risks for chemical i is the same as that above with the exception of the final
expression, which is replaced by

where:

URFw3-d-c = unit risk factor for chemical i for dermal contact withi

sediment pore water (L/mg)
Tf = transfer factor for chemical i for sediment to pore watersdpwi

(kg/L)

The equation used to calculate hazard indices is:
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The variables in this equation have been defined previously except:

UHIsd1-ing-c = unit hazard index factor for chemical i for ingestion ofi

sediment (kg/mg)
UHIsd1-d-c = unit hazard index for chemical i for dermal contact withi

sediment (kg/mg)

As indicated above for the cancer risk equation, the final expression in the above
equation is replaced if dermal contact with sediment pore water is evaluated
rather than dermal contact with sediment, as follows:

where:

UHIw3-d-c = unit hazard index for chemical i for dermal contact withi

sediment pore water (L/mg)

The unit risks and unit hazard indices are presented in Appendix B2, the transfer
factors are in Appendix B1 and the measured concentrations were discussed
previously.

Cancer Risks and Hazard Indices
Table 5-66 presents the cancer risks for the swimmer (recreational water user)
using RME assumptions and upper-bound exposure point concentrations, while
Table 5-67 presents the chronic hazard indices for this same receptor.  The table
below provides a summary of the cancer risks and hazard indices for each reach
and for Green Bay.

Exposure Scenario Butte des to Little Rapids to to Green Green Bay
Little Lake Appleton Little DePere

Morts Rapids DePere Bay

Cancer Risks
RME with Upper- 1.1E-07 1.3E-07 1.1E-07 2.4E-07 1.6E-08
bound Concentrations



Baseline Human Health and Ecological Risk Assessment

Exposure Scenario Butte des to Little Rapids to to Green Green Bay
Little Lake Appleton Little DePere

Morts Rapids DePere Bay

Human Health Risk Assessment 5-105

Hazard Indices
RME with Upper- 0.047 0.013 0.025 0.02 0.026
bound Concentrations

The results above indicate that cancer risks for the swimmer are well below a risk
of 1 × 10  for all areas.  The results by pathway (Table 5-66) indicate that the-6

cancer risk for the direct contact with sediment pathways (incidental ingestion
and dermal contact) comprise the majority of the total risk for all reaches in the
Lower Fox River (between 70 percent and 81 percent), while the direct contact
with surface water pathways comprise the majority of the total risk for Green Bay
(60 percent).  Total PCBs are the driving chemical for the Little Lake Butte des
Morts reach and Green Bay, being responsible for 53 and 100 percent of the total
risk in each area.  In the other reaches, arsenic drives the risk, comprising from 49
to 71 percent of the total risk.

The results above also indicate that hazard indices for the swimmer are well below
1 for all reaches.  The results by pathway (Table 5-67) indicate that the hazard
indices for the direct contact with surface water pathways (incidental ingestion
and dermal contact) comprise the majority of the total hazard index for the
Appleton to Little Rapids and De Pere to Green Bay reaches (78 percent and 73
percent).  Total PCBs are the driving chemical for these areas, being responsible
for over 90 percent of the total hazard index in each area.  The volatile inhalation
pathway comprises the majority of the hazard index for the other areas (41 to 80
percent), and these hazards are driven by mercury (50 to 83 percent).

Tables 5-68 and 5-69 present the cancer risks and chronic hazard indices for the
wader (recreational water user), also using RME assumptions and upperbound
exposure point concentrations.  The table below provides a summary of the cancer
risks and hazard indices for each reach and for Green Bay.
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Exposure Scenario Butte des to Little Rapids to Green Green Bay
Little Lake Appleton Little DePere to

Morts Rapids DePere Bay

Cancer Risks
RME with Upper- 1.9E-07 1.8E-07 1.7E-07 2.9E-07 1.4E-08
bound Concentrations

Hazard Indices
RME with Upper- 0.037 0.013 0.029 0.024 0.011
bound Concentrations

The results above indicate that cancer risks for the wader are well below a risk of
1 × 10  for all areas.  The results by pathway (Table 5-68) indicate that for all-6

areas, the cancer risk for the direct contact with sediment pathways comprise over
97 percent of the total risk.  For the wader, total PCBs are the driving chemical
for the Little Lake Butte des Morts reach and Green Bay, being responsible for 55
and 100 percent, respectively, of the total risk.  For the other reaches, arsenic
drives the risk, comprising between 49 and 77 percent of the total risk.

The results above also indicate that hazard indices for the wader are well below
1 for all areas.  The results by pathway (Table 5-69) indicate that for all reaches
of the Lower Fox River, the hazard indices for the direct contact with sediment
pathways comprise 70 percent or more of the total hazard index.  Total PCBs are
the driving chemical for these reaches, being responsible for 67 to 82 percent of
the total hazard index in each area.  In Green Bay, the volatile inhalation pathway
comprises the majority of the hazard index (50 percent) and this value is driven
by mercury (59 percent).

5.7.8 Marine Construction Worker

Risk and Hazard Index Equations
For the marine construction worker, potential exposures occur via incidental
ingestion of water, dermal contact with water, inhalation of outdoor air, ingestion
of sediment, and dermal contact with sediment.  The equations used to calculate
risks and hazard indices are identical to those presented above for the recreational
water user (not including the option for dermal contact with sediment pore
water).
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The unit risks are presented in Appendix B2, the transfer factors are in Appendix
B1 and the measured concentrations were discussed previously.

Cancer Risks and Hazard Indices
Table 5-70 presents the cancer risks for the marine construction worker using
RME assumptions and upperbound exposure point concentrations, while Table
5-71 presents the chronic hazard indices for this same receptor.  The table below
provides a summary of the cancer risks and hazard indices for each reach and for
Green Bay.

Exposure Scenario to Little Rapids to Green Bay

Little
Lake DePere to

Butte des Green Bay
Morts

Appleton Little

Rapids DePere

Cancer Risks
RME with Upper- 5.0E-07 4.4E-07 4.2E-07 6.2E-07 4.3E-08
bound Concentrations

Hazard Indices
RME with Upper- 0.19 0.013 0.074 0.02 0.11
bound Concentrations

The results above indicate that cancer risks for the marine construction worker are
below a risk of 1 × 10  for all areas.  The results by pathway (Table 5-70)-6

indicate that for each area, the cancer risk for the direct contact with sediment
pathways (incidental ingestion and dermal contact) comprise over 91 percent of
the total risk.  Total PCBs are the driving chemical for the Little Lake Butte des
Morts reach, the Little Rapids to De Pere reach, and for Green Bay, being
responsible for 50 to 100 percent of the total risk in each area.  In the Appleton
to Little Rapids and De Pere to Green Bay reaches, arsenic drives the risk with 46
and 69 percent of the total.

Hazard indices for each reach and for Green Bay are well below 1.  The direct
contact with sediment pathways comprise the majority (over 86 percent) of the
total hazard index for the Appleton to Little Rapids and De Pere to Green Bay
reaches.  Total PCBs are the driving chemical for these areas, comprising 62 to 81
percent of the total hazard index (refer to Table 5-71).  For the other areas, the
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volatile inhalation pathway comprises the majority of the hazard index (69 to 96
percent) and mercury is the driving chemical (over 75 percent).

5.7.9 Summary of Cancer Risks and Hazard Indices
In order to provide a comparison among all receptors and all reaches of the Lower
Fox River and Green Bay, summary tables of the cancer risks and hazard indices
have been included as Tables 5-72 and 5-73, respectively.  This information is
also presented graphically (by area) in Figures 5-2 through 5-11.

Cancer risks exceeding 1 × 10  were identified for the recreational and-6

subsistence anglers, hunters, and drinking water users.  Cancer risks as high as 6.0
× 10  were calculated for subsistence anglers, while risks as high as 4.4 × 10-3 -3

were calculated for recreational anglers.  These values are 60 and 40 times greater
than the next highest risks calculated for any other receptor; the receptor with the
next highest risks being the hunter with a risk of 1.1 × 10 .  For the anglers, the-4

cancer risks are driven by the ingestion of PCBs in fish tissue (over 90 percent for
reaches of the Lower Fox River and over 70 percent in Green Bay).  For the
hunters, the cancer risks are driven by the ingestion of PCBs in waterfowl tissue.
The risks to drinking water users exceed the 10  level only in the De Pere to-6

Green Bay reach (3.8 × 10 ).  This exceedance is due to arsenic, and the arsenic-5

concentration used in the calculation is the value detected in one of six water
samples from this reach.  Arsenic was detected only once in the nine samples
collected from the Lower Fox River, so it is quite possible that actual arsenic
concentrations are lower than those used in this analysis; therefore, the risks
associated with arsenic in this reach may be overstated.  Additionally, the water
in this reach is not currently used as a source of drinking water and there are no
plans to use it as such in the foreseeable future (this reach of the Lower Fox River
is not classified for use as a source of drinking water).

Hazard indices exceeding 1 have been identified for the recreational and
subsistence anglers, the hunter, the drinking water user, and the local resident.
While the hazard indices for the hunter, drinking water user, and local resident
exceed 1, the maximum calculated hazard index for these receptors was 4, only
slightly above 1.  In comparison, hazard indices for the anglers reach a maximum
of 171, more than 2 orders of magnitude above 1.  Exposure to PCBs in fish is
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responsible for over 90 percent of the hazard index for anglers in the Lower Fox
River and over 70 percent of the hazard index for anglers in Green Bay.  For the
hunter, PCBs are responsible for over 90 percent of the total hazard index in the
Lower Fox River and over 87 percent of the total hazard index in Green Bay.

Hazard indices for the drinking water user and local resident exceeding 1 are due
to mercury.  The mercury surface water concentrations in the Lower Fox River
database were obtained from a variety of sources that did not necessarily use
analytical methods intended to quantitate low concentrations of this chemical.
The study by Hurley et al. (1998) measured dissolved and total mercury in surface
water from several locations on the Lower Fox River with much finer temporal
resolution than the data included in the Lower Fox River database.  When using
more recent mercury data in the hazard index calculations for the drinking water
user and local resident, the resulting hazard indices were below 1.

EPA guidance for risk characterization (EPA, 1995b, 1995c) indicates that an
important step in the risk characterization process is the identification of
subpopulations that may be highly exposed or highly susceptible.  This evaluation
of cancer risks and noncancer hazard indices indicates that the receptors with the
highest risks and hazard indices are recreational and subsistence anglers.  Since
calculated cancer risks exceed the 10  level by more than 3 orders of magnitude-6

and calculated hazard indices exceed 1 by up to 2 orders of magnitude, the
number of people included in these subpopulations is important to consider.

As was previously noted in Subsection 5.4.3, there are 47,000 licensed anglers
living in communities adjacent to the Lower Fox River and Green Bay.  The entire
population of this area is estimated to be on the order of 500,000, which indicates
that as many as 10 percent of the residents are active anglers.  In addition to
licensed anglers, their family members (who may not be anglers) can be exposed
to PCBs in fish.  The population of subsistence anglers, the most highly exposed
subpopulation evaluated in this risk assessment, is estimated to be between 2,000
and 5,000 for the Lower Fox River/Green Bay area.  For the recreational and
subsistence anglers, the exposure route of primary concern is ingestion of fish
containing PCBs.  The calculated cancer risks were as high as 4.4 × 10  for the-3

recreational angler and 6.0 × 10  for the subsistence angler.  This is nearly 4-3
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orders of magnitude above the risk level of 10 .  Put differently, this represents-6

a chance of 6 in 1,000 that an individual will contract cancer in their lifetime as
a result of consuming fish caught from the Lower Fox River or Green Bay.  The
calculated hazard indices were as high as 125 for the recreational angler and 171
for the subsistence angler.  These values are more than 100 times the value of 1.
As discussed in Subsection 5.6.2, the noncancer health effects associated with
exposure to PCBs include reproductive effects (e.g., conception failure in highly
exposed women [Courval et al., 1997]), developmental effects (e.g., neurological
impairments in highly exposed infants and children [Lonky et al., 1996; Jacobson
and Jacobson, 1996; Johnson et al., 1998]), and immune system suppression (e.g.,
increased incidence of infectious disease in highly exposed infants [Smith, 1984;
Humphrey, 1988]).  All of these noncancer health effects are extensively
documented in animal studies (ATSDR, 1997).

Population estimates for hunters are more difficult to define.  The Wisconsin
Department of Natural Resources estimated that there are approximately 3,000
individuals in Brown County with licenses to hunt waterfowl.  Brown County is
the county where Green Bay is located and has a population of about 200,000
people.  Assuming that the same ratio of licenses to people applies elsewhere in
the Green Bay to Lake Winnebago corridor where the overall population is
500,000 people, the number of individuals licensed to hunt waterfowl in the
Lower Fox River/Green Bay area is about 7,500 people.  For the hunter, the
exposure route of primary concern is the ingestion of waterfowl containing PCBs.
The calculated risks for this receptor were as high as 1.1 × 10 , 2 orders of-4

magnitude above the risk level of 10 .  This represents a chance of 1 in 10,000-6

that an individual will contract cancer as a result of consuming hunted waterfowl.
The hazard indices were as high as 4.3 which is about 4 times greater than the
value of 1.  The noncancer health effects associated with exposure to PCBs for the
hunter are similar to those described previously for recreational and subsistence
anglers.

The angling subpopulations have been identified as the most highly exposed
receptor populations.  In addition, the elevated cancer risks and noncancer hazard
indices are attributable mainly to PCB exposure via fish ingestion.  Consequently,



Baseline Human Health and Ecological Risk Assessment

Human Health Risk Assessment 5-111

to further evaluate these subgroups, a focused evaluation of exposure to PCBs in
fish by recreational and subsistence anglers is presented in Section 5.9.

5.8 Evaluation of Lead
Based on an evaluation of data available at the time, lead was identified as a
chemical of potential concern in the Screening Level Risk Assessment (RETEC,
1998).  Since then, more data from the Lower Fox River and Green Bay, as well
as background and reference data, have become available.  This section will
provide an evaluation of all existing lead data to determine whether or not lead
is likely to pose a significant risk to human health.  All lead data are provided in
Appendix B3.

5.8.1 Sediment
Several surface sediment samples were analyzed for lead from the Little Lake
Butte des Morts, Appleton to Little Rapids, Little Rapids to De Pere, and De Pere
to Green Bay reaches.  In addition, samples from background and reference
locations (including Lake Winnebago) were analyzed for lead.  Table 5-72
summarizes the lead data for surface sediment samples.

The human health screening criteria for contact with lead used in the Screening
Level Risk Assessment (RETEC, 1998) was the value for residential soil of 400
mg/kg (EPA, 1996).  The only reach which contains a maximum lead
concentration exceeding this screening value is the Little Rapids to De Pere reach,
which has a maximum detect of 1,400 mg/kg.  The next highest detection in this
area is 297 mg/kg, which is well below the screening value.

Based on these results, it is unlikely that the lead concentrations detected in
sediments from the Lower Fox River would pose a direct contact risk to human
health.  Only one sample out of 109 on-site surface sediment samples contained
a concentration exceeding the screening value.  In addition, this screening value
is conservative in that it is protective of daily soil contact by a young child in a
residential setting.  Exposure to sediments of the Lower Fox River is significantly
less than residential soil exposure.  Therefore, no further evaluation of direct
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contact exposure to lead in sediments is warranted for the human health risk
assessment.

5.8.2 Surface Water
A number of surface water samples have been collected from the Lower Fox River
and from intakes at several of the industries along the river.  Both filtered and
unfiltered data are available for the river samples, while only unfiltered samples
are available for the intake samples.  Lead was detected in each sample collected
at concentrations ranging from 0.04 to 5.3 µg/L (the maximum concentration
from the filtered samples was 0.12 µg/L).

A comparison of the detected concentrations to the screening criteria available for
lead in surface water indicate that lead is not present in concentrations that might
pose a risk to human health.  The action level for lead in water is 15 µg/L (EPA,
1996) and is intended to be protective of individuals (including young children)
who drink the water on a daily basis. EPA (1993) also provides an ambient water
quality criterion of 50 µg/L for human health.  The maximum concentrations in
both filtered and unfiltered water samples are below each of these screening
criteria.  Although water from the Lower Fox River is not routinely used as a
drinking water source, these data indicate that such use of the water would not
result in unacceptable exposure to lead.  Therefore, no further evaluation of direct
exposure to lead in surface water is warranted for the human health risk
assessment.

5.8.3 Fish Tissue
Several fish tissue samples were analyzed for lead from the Little Lake Butte des
Morts and De Pere to Green Bay reaches, and from Green Bay.  The majority of
these were whole fish samples, but a small percentage of fillet samples were
available as well.  Samples were collected between 1977 and 1986 and included
a wide variety of fish species and types (e.g., bottom feeders, predators, pelagic
fish).

The analyses consistently report a detection limit of 5 mg/kg (with one exception
of 0.5 mg/kg).  Out of 111 samples, eight (or 7.2 percent) were reported as
detections; however, every one of these detections was also equal to 5 mg/kg.
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Essentially, lead was not detected in any of the fish tissue samples at a
concentration above the reporting limit.  This is not an unusual finding, as the
detected concentrations in both sediment and surface water were relatively low,
and lead does not significantly bioaccumulate.  For these reasons, no further
evaluation of lead in fish tissue is warranted for the human health risk assessment.

5.8.4 Waterfowl Tissue
In 1984, 12 tissue (muscle) samples from a variety of waterfowl were collected
and analyzed for lead.  These samples were collected from locations near Little
Lake Butte des Morts, Green Bay, and reference locations (including Dunbar and
Navarino Wildlife Areas).  Lead was not detected in any of these samples, which
all reported detection limits of 5 mg/kg.  In 1996, 10 tissue samples (of unknown
type) from Canada Geese were collected from the Green Bay area and various
other reference locations (including Milwaukee and Hurakon).  Lead was detected
in the Green Bay samples at concentrations ranging from 0.05 to 0.09 mg/kg.
The concentrations of lead in the reference location samples ranged from 0.03 to
0.13 mg/kg.

The detected concentrations of lead in waterfowl from the Green Bay area are
similar to those from reference and background locations.  In addition, due to the
migratory nature of Canada Geese, these concentrations would be nearly
impossible to attribute to any one location.  Therefore, no further evaluation of
lead in waterfowl tissue is warranted for the human health risk assessment.

5.9 Focused Evaluation of Exposures to PCBs from

Fish Ingestion
In Section 5.7, cancer risks and noncancer hazard indices were calculated for a
variety of receptors.  The receptors with the highest cancer risks and hazard
indices were recreational anglers and subsistence anglers, and almost all the cancer
risk and hazard index were due to exposure to PCBs from ingestion of fish.  In
this section, a focused evaluation of exposure to PCBs via ingestion of fish is
performed.
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The section begins by reviewing fish tissue data.  Next, the equations used to
estimate exposure to total PCBs from ingestion of fish and their associated risks
are presented.  Then, fish intake assumptions for recreational anglers and
subsistence anglers based on data provided in Section 5.4.3 are reviewed.  These
assumptions are used to calculate cancer risks and hazard indices for these
receptors to illustrate the sensitivity of cancer risks and hazard indices to different
assumptions.  Finally, risk-based concentrations in fish are calculated for different
cancer risk and hazard index values.

5.9.1 Concentrations of Total PCBs in Fish
The database of fish tissue concentrations (fillet and skin) for total PCBs includes
samples from the species listed in Table 5-75.  The most widely fished species
include walleye, bass (especially white bass), perch, trout and salmon, although
all the species in Table 5-75 may be caught and eaten.

To examine the influence of time on the concentration of total PCBs in fish, the
concentrations of total PCBs in fish were plotted over time for selected species.
Figure 5-12 shows the concentration of total PCBs over time in walleye and carp
in the Little Lake Butte des Morts reach.  The concentrations initially decline and
then appear to plateau.  Figure 5-13 shows the total PCB concentrations over time
in walleye and white sucker in the Appleton to Little Rapids reach; Figure 5-14
shows the total PCB concentrations over time in walleye in the Little Rapids to
De Pere reach; and Figure 5-15 shows the total PCB concentrations over time in
walleye, white bass and white sucker in the De Pere to Green Bay reach.  Many
of the plots in these figures show a similar trend of concentrations initially
decreasing and then reaching an apparent plateau.  Thus, the concentrations of
total PCBs in fish have apparently reached a quasi-steady-state situation where
any additional concentration reductions are occurring at a very slow rate.  It
should be noted that the fish species selected for plotting in Figures 5-7 through
5-10 were chosen because concentration data were available over the longest
period for these species.  Walleye was selected because this is one of the most
commonly fished species in the Lower Fox River.

A similar analysis was done for the concentrations of total PCBs in Green Bay.
Figure 5-16 shows the total PCB concentrations over time in carp and yellow
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perch in Zone 2; Figure 5-17 shows the total PCB concentrations over time in
brown trout and chinook salmon in Zone 3A; Figure 5-18 shows the total PCB
concentrations over time in carp and walleye in Zone 3; and Figure 5-19 shows
the total PCB concentrations over time in chinook salmon and lake whitefish in
Zone 4.  As in the Lower Fox River, concentrations decline and then appear to
plateau, although for some fish species (e.g., chinook salmon in Zone 2), there
appears to have been little initial decline.  The fish species selected for plotting in
Figures 5-11 through 5-14 were chosen because concentration data were available
over the longest period for these species.

This observation that fish concentrations initially decline at one rate and later
decline at a slower rate was evaluated quantitatively for Walleye in each reach of
the Lower Fox River and Zone 3B of Green Bay.  In each reach, fish concentration
data were used to estimate the parameters in two mathematical models of
chemical removal (DeVault et al., 1996).  The first model, termed a single
exponential model in this analysis, is a simple first order exponential decay model
where the concentration of total PCBs in fish over time is given by the following
expression:

where:

Cfish(t) = concentration of total PCBs in fish at time t (mg/kg-fish)
Cfish = concentration of total PCBs in fish at time t=T  (mg/kg-fish)o o

k = first order rate constant (1/year)
T = first year with concentration datao

t = time (years)

The second model, termed a double exponential model in this analysis, uses one
exponential decay term to describe concentration declines in early years and uses
a different exponential decay term to describe concentration changes in later
years.
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where:

In these expressions, T  is the time when the concentration decline changes from1

one rate given by k  to another given by k .  The parameters k , k , T , and Cfish ,1 2 1 2 1 1

are defined as follows:

k = first order rate constant for early years (1/year)1

k = first order rate constant for later years (1/year)2

T = time when rate changes (year)1

Cfish = concentration of total PCBs in fish at time t = T  (mg/kg-fish)1 1

Figure 5-20 presents the results of fitting these two models to the concentrations
of total PCBs in walleye in the Little Lake Butte des Morts reach.  Table 5-76
provides estimates of T  for the two models, Cfish , and k  for the single0 o 2

exponential model, and Cfish , k , T , Cfish  and k  for the double exponentialo 1 1 1 2

model.  The value for T  was selected from visual inspection of the data as the1

time when the concentration data exhibited a slower rate of decline.  Also
included in Table 5-76 is the coefficient of determination (COD) for the fit of
each model to the data.  The COD is defined on page 448 of Mendenhall and
Sincich (1988) and is similar to the correlation coefficient or r  in linear2

regression.  A higher COD indicates a better fit of the model to the data.  Figure
5-20 plots concentrations on both a linear scale and a logarithmic scale.  The
COD for the double exponential model, 0.39, is higher than the COD for the
single exponential model, 0.34.  The half life for concentration reductions from
the double exponential model from 1984 on is 8.6 years whereas the half-life in
the single exponential model is about 6.9 years.
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Figure 5-21 presents the results of fitting these two models to the concentrations
of total PCBs in walleye in the Appleton to Little Rapids reach.  The single
exponential model and double exponential model produce almost identical fits to
the data which is reflected in their almost identical COD values (0.478 for the
single exponential model versus 0.476 for the double exponential model).  The
half-life for concentration reductions is about 4.5 years for both models.  It should
be noted that the lack of fish data between 1986 and 1994 may have the effect
of masking the effect of a rapid initial decline followed by a slower decline in later
years.

Figure 5-22 presents the results of fitting the single exponential model to the
concentrations of total PCBs in Walleye in the Little Rapids to DePere reach.
Since there is no data prior to 1992 for this reach, there was insufficient data to
fit the double exponential model.  The half life for concentration reductions is
about 13 years.

Figure 5-23 presents the results of fitting the two models to the concentrations of
total PCBs in Walleye in the DePere to Green Bay reach.  The double exponential
model provides an improved fit over the single exponential model since its COD
of 0.17 is greater than the COD of 0.12 for the single exponential model.  The
half life of reduction for the latter part of the double exponential model is 75
years as opposed to the half life of 15 years for the single exponential model.

Figure 5-24 presents the results of fitting the single exponential model to the
concentrations of total PCBs in Walleye in Zone 3B of Green Bay.  Since there
was no data after 1989, there was insufficient data to fit the double exponential
model.  The fit with the single exponential model yields a very low rate of
concentration reductions (half life of 144 years).  The data is highly scattered as
reflected in the low COD of 0.000595.

It should be noted that lipid normalized PCB concentrations in fish were
presented in Section 2.  Lipid normalized walleye data has not been subjected to
the mathematical modeling exercise described above because lipid normalized
concentrations are not directly applicable to risk calculations - - actual
concentrations of PCBs in fish are the concentrations that people are exposed to.
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Table 5-77 presents total PCB concentration data for each reach.  The data is
summarized for all fish samples and for carp, perch (includes white perch and
yellow perch), walleye and white bass.  For each group, data is presented for all
samples and for all samples collected in the 1990s.  The following statistics are
provided: the number of samples, the median or 50  percentile concentration, theth

average concentration, the 95  percentile concentration and the maximumth

detected concentration.  These data indicate that the average concentrations for
all fish samples in the 1990s are lower than the average of all fish samples by
factors ranging from 1.5 to 6.1 in the various reaches of the Lower Fox River.

Table 5-78 presents total PCB concentration data in Green Bay. As with the
Lower Fox River, the data is summarized for all fish samples, and for carp, perch,
walleye and white bass.  For each group except all fish samples and walleye, data
is presented for all samples and for all samples collected in the 1990s.  For
walleye, the data from 1989 are included in the dataset for the 1990s.  The
walleye data from 1989 are also included in the all fish sample dataset.  These
data indicate that the average concentrations for all fish samples in the 1990s are
lower than the average of all fish samples by factors ranging from 1.6 to 3.4 in the
zones of Green Bay.

To provide perspective on the fish concentration data, fish concentrations in Lake
Winnebago, which is upstream of Little Lake Butte des Morts were examined.
Table 5-79 presents the available fillet on skin fish data for Lake Winnebago.  The
average concentration of PCBs in Lake Winnebago fish is 63 µg/kg.  For all fish
samples in the 1990s in the various reaches of the Lower Fox River, the average
concentrations range from 579 µg/kg to 1,451 µg/kg.  In Green Bay zones, the
average concentrations range from 907 µg/kg to 1,381 µg/kg.  These
concentrations are 9 to 23 times higher than the background concentration of 63
µg/kg.

Since concentrations of total PCBs in fish appear to have decreased somewhat
over time but appear to be leveling out, the data from the most recent years are
most relevant to calculating current and future exposures.  Therefore, fish data
collected from 1990 to the present (plus walleye data from 1989 in Green Bay)
are used in the remainder of this analysis.
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5.9.2 Equations for Calculating Cancer Risks, Hazard Indices

and Target Concentrations in Fish
This section presents the equations used to calculate cancer risks and hazard
indices from ingestion of fish.  These are essentially a restatement of the equations
presented in Section 5.4.2.  Also presented in this section are the equations used
to calculate target concentrations in fish tissue (i.e., concentrations in fish
associated with a particular cancer risk or hazard index level).

Cancer Risk Evaluation
The equation used to assess cancer risks from ingestion of fish is:

where:

R = cancer risk
I = intake from ingestion of fish averaged over a lifetime (mg/kg-day)
CSFo = oral cancer slope factor [(mg/kg-day) ]-1

The intake from fish ingestion averaged over a lifetime is given by:

where:

Cfish = concentration in fish (mg/kg)
IR = fish ingestion rate (g/day)
RF = reduction factor due to trimming and cooking fish (mg/mg)
ABS = absorption factor for ingestion of fish (mg/mg)
CF = 10  kg/g-3

EF = exposure frequency (days/year)
ED = exposure duration (years)
BW = body weight (kg)
ATc = averaging time for cancer risks (days)
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The intake equation can be rewritten as:

where:

IntFacC = intake factor for cancer risk [(mg/kg) ]-1

The equation for assessing cancer risks from ingestion of fish can be rewritten as:

This equation can be rearranged to give the fish concentration for a particular
target risk (TR):

Noncancer Effects Evaluation
The equation for calculating the chronic hazard index from ingestion of fish is:

where:

HI = chronic, noncancer hazard index
I = intake from ingestion of fish averaged over the exposure period

(mg/kg-day)
RfDo = oral reference dose for chronic, noncancer effects (mg/kg-day)

The intake from fish ingestion averaged over the exposure period is given by:
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These variables are the same as before except:

ATnc = averaging time for chronic, noncancer effects (days)

The intake equation can be rewritten:

where:

IntFacNC = intake factor for chronic, noncancer effects [(mg/kg) ]-1

The equation for calculating the chronic hazard index from ingestion of fish can
be rewritten as:

This equation can be rearranged to give the fish concentration for a particular
target hazard index (THI):

5.9.3 Intake Assumptions and Toxicological Parameters
This section presents the intake assumptions and toxicological parameters used
to solve the previously defined equations for recreational anglers and subsistence
anglers.  Table 5-80 presents the values for the recreational anglers.  Intake
assumptions for a reasonable maximum exposure (RME) scenario and for a central
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tendency exposure (CTE) scenario are presented for three studies of fish ingestion:
the 1989 survey of Michigan anglers by West et al. (1989), the 1993 survey of
Michigan anglers by West et al. (1993) and the 1989 survey of Wisconsin anglers
by Fiore et al. (1989).

Also included in Table 5-80 are assumptions based on an average of the 1989
survey of Michigan anglers and the 1993 survey of Michigan anglers.  All
parameters in Table 5-80 except IR (the average daily fish ingestion rate) are
identical for the two studies.  Thus, for the case entitled “Average of Michigan
Studies,” the IR values from the 1989 and 1993 studies were averaged.  These
average values were used to calculate exposures to the recreational angler in the
baseline risk characterization presented in Section 5.7.  The rationale for this
averaging is discussed in Section 5.4.3.

Table 5-81 provides the values for the subsistence anglers.  Intake assumptions for
a RME scenario and a CTE scenario are presented for three subpopulations: low-
income minority subsistence anglers using data from West et al. (1993); Native
American subsistence anglers using data from Fiore et al. (1989) that was modified
as described in Section 5.3; and Hmong subsistence anglers using data from
Hutchison and Kraft (1994).  The data from Hutchison and Kraft (1994) are
used for the Hmong rather than the data from Hutchison (1998) because the
study by Hutchison and Kraft (1994) examined fishing patterns by Hmong from
all locations (i.e., all reaches of the Lower Fox River and Green Bay as well as
other locations such as Lake Winnebago) while the study by Hutchison (1998)
only considered fishing from the De Pere to Green Bay reach.  Thus, the study by
Hutchison and Kraft (1994) provides a more comprehensive picture of the fishing
habits of the Hmong and, consequently, is used here.

All the values in Tables 5-80 and 5-81 were discussed in detail in Section 5.4.3,
but selected values are reviewed briefly here.

RF = The reduction factor that provides the fraction of total PCBs
remaining in the fish after cooking.  Based on data reviewed
by Andersen et al. (1993), a reduction factor of 50 percent
was selected, as discussed in Section 5.4.3 under the
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subsection entitled “Overview of Possible Fish Ingestion
Assumptions.”

ABS = The absorption factor is assumed to be 1.0 for evaluating
both cancer and noncancer effects.  The cancer slope factor
for PCBs is derived to be used with an absorption factor of
1.0.  The RfD for Aroclor 1254 is based on a study where
adult female rhesus monkeys were exposed to PCBs through
ingestion of gelatin capsules, so their absorption is presumed
to be similar to the absorption from ingestion of fish, which
is believed to be quite high (PCBs in food are absorbed with
an efficiency of 75 to 100 percent).

ED = As discussed in Section 5.4.3,  this value is set to 50 years
for the RME scenario and 30 years for the CTE scenario.

BW = The body weight is taken from EPA’s Exposure Factors
Handbook (EPA, 1997a) and is set to 71.8 kg for both the
RME and CTE scenarios.

Atc = The averaging time for calculating the average daily intake
over a lifetime was 75 years times 365 days/year from EPA’s
Exposure Factors Handbook (EPA, 1997a).

Atnc = The averaging time for calculating the average daily dose
averaged over the exposure period is 365 days/year times the
exposure duration (ED).

CSFo = The oral slope factor was set to 2 (mg/kg-day)  as specified in-1

EPA (1996a) for evaluating fish ingestion.

RfDo = The oral reference dose for Aroclor 1254 of 2 × 10  mg/kg--5

day was used as discussed in Section 5.6.9.
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The values for IR (fish ingestion rate) and EF (exposure frequency) vary for each
scenario and each study in Tables 5-80 and 5-81.  These values are discussed in
detail in Section 5.4.3 under the subsection entitled “Overview of Possible Fish
Ingestion Assumptions.”  This discussion is not repeated here.

5.9.4 Cancer Risks and Hazard Indices
Tables 5-82 and 5-83 present the calculated cancer risks for the recreational
angler in each reach of the Lower Fox River and each zone of Green Bay,
respectively.  Tables 5-84 and 5-85 present the calculated hazard indices for the
recreational angler in each reach of the Lower Fox River and each zone of Green
Bay.  Cancer risks and hazard indices are presented for RME and CTE scenarios
for the 1989 Michigan angler study (West et al., 1989), the 1993 Michigan angler
study (West et al., 1993), the average of the two Michigan studies, and the 1989
Wisconsin angler study (Fiore et al., 1989).  The most recent average fish
concentration data in Tables 5-77 and 5-78 were used in this analysis.

Also presented in these tables are the risks calculated for the background
concentration of PCBs in fish in Lake Winnebago.  The risks associated with
background concentrations in fish range from 2.2 × 10  to 4.6 × 10  for the-5 -5

RME scenario and from 3.9 × 10  to 6.0 × 10  for the CTE scenario.  The-6 -6

hazard indices associated with this background concentration in fish range from
0.8 to 1.7 for the RME scenario and from 0.2 to 0.4 for the CTE scenario.

For the Lower Fox River, the range of risks estimated for the recreational anglers
are provided in the following table.  Risks are provided for the RME and CTE
scenarios and for all fish samples in the 1990s, carp samples in the 1990s, and
perch, walleye and white bass samples in the 1990s.  It should be noted that the
term “Lowest Risk” refers to the lowest risk to recreational anglers in Table 5-82,
not the lowest possible risk.  The lowest possible risk is 0 (i.e., the risk of eating
no fish from the Lower Fox River).  Similarly, the term “Highest Risk” refers to
the highest risk to recreational anglers in Table 5-82, not the highest possible risk.
Thus, the ranges presented in the table below represent the range of values in
Table 5-82 and reflect differences in intake assumptions and fish concentrations.
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Fish Samples/Scenario Lowest Risk Median Risk Highest Risk

All Fish Samples
RME Scenario 2.0 × 10 4.0 × 10 1.1 × 10
CTE Scenario 3.6 × 10 5.7 × 10 1.4 × 10

-4

-5

-4

-5

-3

-4

All Carp Samples
RME Scenario 1.2 × 10 1.6 × 10 2.5 × 10
CTE Scenario 2.2 × 10 2.6 × 10 3.3 × 10

-3

-4

-3

-4

-3

-4

All Perch, Walleye and White Bass Samples
RME Scenario 6.5 × 10 3.3 × 10 1.7 × 10
CTE Scenario 1.2 × 10 5.3 × 10 2.2 × 10

-5

-5

-4

-5

-3

-4

Figure 5-25 presents the range of risks to the recreational angler in the Lower Fox
River for all fish samples in the 1990s.  Also presented in Figure 5-25 are the
range of risks for the subsistence anglers which will be discussed shortly.  For the
RME and CTE scenarios, all risks exceed the 10  level.  The highest risks are for-6

carp.  The highest risk, median risk and lowest risk for carp are higher than the
corresponding risks for all fish samples.  The risks for perch, walleye and white
bass, three of the most commonly sought after fish by anglers, show greater
variation.  The lowest risk in this group is lower than the lowest risk for all fish
samples, but the highest risk for perch, walleye and white bass samples is higher
than the highest risk for all fish samples.  The median risk for all perch, walleye
and white bass samples is similar to the median risk for all fish samples.

To illustrate how cancer risks vary by reach, the maximum risks for the
recreational angler calculated for all fish samples are presented by river reach in
the table below.

Scenario
Little Lake Appleton to Little rapids to De Pere to

Butte des Morts Little Rapids De Pere Green Bay

RME 6.4 × 10 5.0 × 10 4.2 × 10 1.1×10-4 -4 -4 -3

CTE 8.3 × 10 6.5 × 10 5.5 × 10 1.4 × 10-5 -5 -4 -4

Figure 5-26 plots these cancer risks by river reach for the recreational anglers.
The maximum cancer risks to subsistence anglers are also presented in
Figure 5-26.  The maximum risks to recreational anglers occur in the De Pere to
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Green Bay reach and the minimum risks occur in the Little Rapids to De Pere
reach.

For Green Bay, the range of risks estimated for the recreational anglers are
provided in the following table.  As before, risks were calculated using
concentration data from fish collected in the 1990s plus walleye data from 1989.

Fish Samples/Scenario
Lowest Median Highest

Risk Risk Risk

All Fish Samples
RME Scenario 3.1 × 10 5.0 × 10 1.0 × 10-4 -4 -3

CTE Scenario 5.7 × 10 8.5 × 10 1.3 × 10-5 -5 -4

All Carp Samples
RME Scenario 2.2 × 10 2.9 × 10 4.6 × 10-3 -3 -3

CTE Scenario 4.0 × 10 4.7 × 10 6.0 × 10-4 -4 -4

All Perch, Walleye and White Bass Samples
RME Scenario 3.5 × 10 6.0 × 10 1.4 × 10-4 -4 -3

CTE Scenario 6.2 × 10 9.5 × 10 1.9 × 10-5 -5 -4

Figure 5-27 presents the range of risks for recreational anglers in Green Bay for
all fish samples in the 1990s plus walleye data from 1989.  For the RME and CTE
scenarios, all risks exceed the 10  level.  The highest risks are for carp.  The-6

median risk for all fish samples is similar to the median risk for perch, walleye and
white bass, three of the most commonly sought after fish by anglers.

To illustrate how cancer risks vary by zone, the maximum risks calculated for all
fish samples are presented by zone in the table below for recreational anglers.

Scenario Zone 2 Zone 3A Zone 3B Zone 4

RME 1.0 × 10 9.2 × 10 7.5 × 10 6.6 × 10-3 -4 -4 -4

CTE 1.3 × 10 1.2 × 10 9.8 × 10 8.6 × 10-4 -4 -5 -5

Figure 5-28 plots these cancer risks by zone.  The maximum cancer risks occur in
Zone 2A and the minimum risks occur in Zone 4.
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For the Lower Fox River, the range of hazard indices estimated for the recreational
anglers are provided in the following table.  Hazard indices are provided for the
RME and CTE scenarios and all fish samples in the 1990s, carp samples in the
1990s, and perch, walleye and white bass samples in the 1990s.

Fish Samples/Scenario
Lowest Median Highest

HI HI HI

All Fish Samples

RME Scenario 7.5 14.8 39.4

CTE Scenario 2.3 3.6 8.6

All Carp Samples

RME Scenario 45.0 58.8 94.1

CTE Scenario 13.5 16.0 20.5

All Perch, Walleye and White Bass Samples

RME Scenario 2.5 12.4 62.4

CTE Scenario 0.7 3.3 13.6

Figure 5-29 presents the range of hazard indices for recreational anglers in the
Lower Fox River for all fish samples in the 1990s.  For the RME and CTE
scenarios, all hazard indices exceed 1.  The highest hazard indices are for carp.
The median hazard index for all fish samples is similar to the median hazard index
for perch, walleye and white bass.

To illustrate how hazard indices vary by reach, the maximum hazard index
calculated for all fish samples are presented by river reach in the table below for
recreational anglers.

Scenario Butte des
Little Lake

Morts

Appleton to Little Rapids De Pere to
Little Rapids to DePere Green Bay

RME 23.8 18.6 15.7 39.4

CTE 5.2 4.1 3.4 8.6

Figure 5-30 plots these hazard indices by river reach.  The maximum hazard
indices occur in the De Pere to Green Bay reach and the minimum hazard indices
occur in the Little Rapids to De Pere reach.
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For Green Bay, the range of hazard indices estimated for the recreational anglers
are provided in the following table.

Fish Samples/Scenario
Lowest Median Highest

Risk Risk Risk

All Fish Samples

RME Scenario 11.8 18.6 37.5

CTE Scenario 3.5 5.3 8.2

All Carp Samples

RME Scenario 82.4 107.7 172.3

CTE Scenario 24.7 29.3 37.6

All Perch, Walleye and White Bass Samples

RME Scenario 13.0 22.6 53.1

CTE Scenario 3.9 5.9 11.6

Figure 5-31 presents the range of hazard indices for recreational anglers in Green
Bay for all fish samples in the 1990s.  For the RME and CTE scenarios, all hazard
indices exceed 1.  The highest hazard indices are for carp.  The median hazard
index for all fish samples is similar to the median hazard index for perch, walleye
and white bass.

To illustrate how hazard indices vary by zone, the maximum hazard indices for
recreational anglers calculated for all fish samples are presented by zone in the
table below.

Scenario Zone 2 Zone 3A Zone 3B Zone 4

RME 37.5 34.4 28.2 24.6

CTE 8.2 7.5 6.2 5.4

Figure 5-32 plots these hazard indices by zone for the recreational angler.  The
maximum hazard indices occur in Zone 2 and the minimum hazard indices occur
in Zone 4.

Tables 5-86 and 5-87 present the calculated cancer risks for the subsistence angler
in each reach of the Lower Fox River and each zone of Green Bay, respectively.
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Tables 5-88 and 5-89 present the calculated hazard indices for the subsistence
angler in each reach of the river and each zone of the bay.  Cancer risks and
hazard indices are presented for RME and CTE scenarios for a low income
minority angler, based on the data from West et al. (1993), a Native American
angler using data from Petersen et al. (1994) and Fiore et al. (1989), and a Hmong
angler based on data from Hutchison and Kraft (1994).

Also presented in these tables are the risks calculated for the background
concentration of PCBs in fish in Lake Winnebago.  The risks associated with this
background concentration in fish range from 3.3 × 10  to 6.4 × 10  for the-5 -5

RME scenario and from 5.9 × 10  to 1.5 × 10  for the CTE scenario.  The-6 -5

hazard indices associated with this background concentration in fish range from
1.2 to 2.4 for the RME scenario and from 0.4 to 0.9 for the CTE scenario.

For the Lower Fox River, the range of risks estimated for the subsistence anglers
are provided in the following table.  Risks are provided for the RME and CTE
scenarios and for all fish samples in the 1990s, carp samples in the 1990s, and
perch, walleye and white bass samples in the 1990s.

Fish Samples/Scenario
Lowest Median Highest

Risk Risk Risk

All Fish Samples

RME Scenario 3.0 × 10 6.3 × 10 1.5 × 10-4 -4 -3

CTE Scenario 5.4 × 10 1.2 × 10 3.5 × 10-5 -4 -4

All Carp Samples

RME Scenario 1.8 × 10 2.6 × 10 3.5 × 10-3 -3 -3

CTE Scenario 3.2 × 10 4.1 × 10 8.3 × 10-4 -4 -4

All Perch, Walleye and White Bass Samples

RME Scenario 9.8 × 10 5.4 × 10 2.3 × 10-5 -4 -3

CTE Scenario 1.8 × 10 9.2 × 10 5.5 × 10-5 -5 -4

Figure 5-25 presents the range of risks in the Lower Fox River for all fish samples
in the 1990s for the subsistence anglers.  For the RME and CTE scenarios, all
risks exceed the 10  level.  The highest risks are for carp.  The median risk for all-6
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fish samples is similar to the median risk for perch, walleye and white bass, three
of the most commonly sought after fish by anglers.

To illustrate how cancer risks vary by reach, the maximum risks for subsistence
anglers calculated for all fish samples are presented by river reach in the table
below.

Scenario Butte des
Little Lake

Morts

Appleton to Little Rapids De Pere to
Little Rapids to DePere Green Bay

RME 9.0 × 10 7.0 × 10 5.9 × 10 1.5 × 10-4 -4 -4 -3

CTE 2.1 × 10 1.6 × 10 1.4 × 10 3.5 × 10-4 -4 -4 -4

Figure 5-26 plots these cancer risks by river reach for the subsistence anglers.  The
maximum cancer risks to subsistence anglers occur in the De Pere to Green Bay
reach and the minimum risks occur in the Little Rapids to De Pere reach.

For Green Bay, the range of risks estimated for the subsistence anglers are
provided in the following table.

Fish Samples/Scenario
Lowest Median Highest

Risk Risk Risk

All Fish Samples

RME Scenario 4.7 × 10 8.5 × 10 1.4 × 10-4 -4 -3

CTE Scenario 8.5 × 10 1.4 × 10 3.3 × 10-4 -4 -4

All Carp Samples

RME Scenario 3.3 × 10 4.8 × 10 6.5 × 10-3 -3 -3

CTE Scenario 5.9 × 10 7.5 × 10 1.5 × 10-4 -4 -3

All Perch, Walleye and Whte Bass Samples

RME Scenario 5.2 × 10 9.7 × 10 2.0 × 10-4 -4 -3

CTE Scenario 9.4 × 10 1.5 × 10 4.7 × 10-5 -4 -4

Figure 5-27 presents the range of risks in Green Bay for all fish samples in the
1990s for the subsistence anglers.  For the RME and CTE scenarios, all risks
exceed the 10  level.  The highest risks are for carp.  The median risk for all fish-6
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samples is similar to the median risk for perch, walleye and white bass, three of
the most commonly sought after fish by anglers.

To illustrate how cancer risks vary by zone, the maximum risks for the subsistence
angler calculated for all fish samples are presented by zone in the table below.

Scenario Zone 2 Zone 3A Zone 3B Zone 4

RME 1.4 × 10 1.3 × 10 1.1 × 10 9.3 × 10-3 -3 -3 -4

CTE 3.3 × 10 3.0 × 10 2.5 × 10 2.2 × 10-4 -4 -4 -4

Figure 5-28 plots these cancer risks for the subsistence angler by zone.  The
maximum cancer risks occur in Zone 2A and the minimum risks occur in Zone 4.

For the Lower Fox River, the range of hazard indices estimated for the subsistence
anglers are provided in the following table.  Hazard indices are provided for the
RME and CTE scenarios and all fish samples in the 1990s, carp samples in the
1990s, and perch, walleye and white bass samples in the 1990s.

Fish Samples/Scenario
Lowest Median Highest

Risk Risk Risk

All Fish Samples

RME Scenario 11.3 23.4 55.6

CTE Scenario 3.4 7.5 21.7

All Carp Samples

RME Scenario 67.5 97.5 132.7

CTE Scenario 20.3 25.5 51.9

All Perch, Walleye and White Bass Samples

RME Scenario 3.7 20.4 88.0

CTE Scenario 1.1 5.7 34.4

Figure 5-29 presents the range of hazard indices for subsistence anglers in the
Lower Fox River for all fish samples in the 1990s.  For the RME and CTE
scenarios, all hazard indices exceed 1.  The highest hazard indices are for carp.
The median hazard index for all fish samples is similar to the median hazard
indices for perch, walleye and white bass.
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To illustrate how hazard indices vary by reach, the maximum hazard index for
subsistence anglers calculated for all fish samples are presented by river reach in
the table below.

Scenario Butte des
Little Lake

Morts

Appleton to Little Rapids De Pere to
Little Rapids to De Pere Green Bay

RME 33.6 26.2 22.2 55.6

CTE 13.1 10.3 8.7 21.7

Figure 5-30 plots these hazard indices for subsistence anglers by river reach.  The
maximum hazard indices occur in the De Pere to Green Bay reach and the
minimum hazard indices occur in the Little Rapids to De Pere reach.

For Green Bay River, the range of hazard indices estimated for the subsistence
anglers are provided in the following table.

Fish Samples/Scenario
Lowest Median Highest

Risk Risk Risk

All Fish Samples

RME Scenario 17.7 32.0 52.9

CTE Scenario 5.3 8.7 20.7

All Carp Samples

RME Scenario 123.6 178.6 243.0

CTE Scenario 37.1 46.7 95.0

All Perch, Walleye and White Bass Samples

RME Scenario 19.5 36.5 74.9

CTE Scenario 5.8 9.6 29.3

Figure 5-31 presents the range of hazard indices for subsistence anglers in Green
Bay for all fish samples in the 1990s.  For the RME and CTE scenarios, all hazard
indices exceed 1.  The highest hazard indices are for carp.  The median hazard
index for all fish samples is similar to the median hazard index for perch, walleye
and white bass.
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To illustrate how hazard indices vary by zone, the maximum hazard indices for
subsistence anglers calculated for all fish samples are presented by zone in the the
table below.

Scenario Zone 2 Zone 3A Zone 3B Zone 4

RME 52.9 48.6 39.8 34.7

CTE 20.7 19.0 15.6 13.6

Figure 5-32 plots these hazard indices for subsistence anglers by zone.  The
maximum hazard indices occur in Zone 2 and the minimum hazard indices occur
in Zone 4.

While difficult to quantify, it should be noted that anglers can potentially be
exposed to PCBs via ingestion of fish caught from tributaries to the Lower Fox
River or Green Bay to the extent that fish migrate upstream from the Lower Fox
River or Green Bay into these tributaries.

5.9.5 Risk-based Concentrations in Fish
As discussed in Section 5.9.2, the equations for calculating cancer risk from
ingestion of fish can be rearranged to calculate a concentration of total PCBs in
fish for a specified risk level.  Similarly, the equation for calculating hazard index
from ingestion of fish can be rearranged to calculate a concentration of total PCBs
in fish for a specified hazard index level.  Table 5-90 presents risk-based
concentrations of total PCBs in fish for recreational anglers for risk levels of 10 ,-6

10  and 10  and for a hazard index of 1.  Figure 5-33 plots these risk-based fish-5 -4

concentrations for each set of intake assumptions and exposure scenario; and for
risks levels of 10 , 10  and 10 , and a hazard index of 1.  Table 5-91 presents-6 -5 -4

risk-based concentrations of total PCBs in fish for subsistence anglers for risk
levels of 10 , 10 , 10  and a hazard index of 1.  Figure 5-34 plots these risk--6 -5 -4

based fish concentrations for each set of intake assumptions and exposure
scenario; and for risk levels of 10 , 10  and 10 , and a hazard index of 1.-6 -5 -4

The risk-based fish concentrations for the recreational angler cover a range of
about 3 orders of magnitude (1.4 x 10  mg/kg to 1.6 mg/kg).  For a given set of-3

assumptions, the risk-based fish concentration for a hazard index of 1 always falls
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between the risk-based fish concentrations for the 10  and 10  cancer risk level.-5 -4

Similarly, the risk-based fish concentrations for the subsistence angler cover a
range of about 3 orders of magnitude (9.8 × 10  mg/kg to 1.1 mg/kg) and the-4

risk-based fish concentration for a target hazard index of 1 always falls in between
the risk-based fish concentrations for risk levels of 10  and 10 .-5 -4

For completeness, risk-based fish concentrations were also calculated using the
exposure assumptions in the Protocol for a Uniform Great Lakes Sport Fish
Consumption Advisory (Anderson et al., 1993).  The intake assumptions are
provided in Table 5-92.  These values are provided for four fish consumption
scenarios:  unlimited consumption, one meal per week, one meal per month and
six meals per year.  The parameters in Table 5-92 are the same as those in Tables
5-80 and 5-81 except for IR, EF, ED and ATnc.  The fish ingestion rate, IR, was
set to 227 g/day (about 8 ounces), the same assumption used for the 1989
Wisconsin angler study (Fiore et al., 1989), the Native American subsistence
angler (Peterson, et al., 1994 and Fiore et al., 1989), and the Hmong subsistence
angler (Hutchison and Kraft, 1994).  The exposure frequency, EF, is set by the
exposure scenario (e.g., one meal per week translates into an EF of 52 days/year).
The value of EF for the unlimited consumption scenario is 225 days/year.  This
was calculated by Anderson et al. (1993) to be an average daily intake of fish of
140 g/day, which is the 90  percentile of fish consumption rates for recreationalth

anglers reported in the 1989 version of EPA’s Exposure Factors Handbook (EPA,
1989c).  The value of 140 g/day is calculated as:

The exposure duration, ED, was assumed by Anderson et al. (1993) to be every
year of an individual’s life or 75 years.  The value of the averaging time for
noncarcinogenic effects, ATnc, is therefore 75 × 365 or 27,375 days.

The risk-based concentrations calculated using the exposure assumptions in the
Protocol for a Uniform Great Lakes Sport Fish Consumption Advisory are provided in
Table 5-93 for cancer risks of 10 , 10  and 10  and a hazard index of 1.  These-6 -5 -4

concentrations are plotted in Figure 5-35.  These concentrations range from 5.0
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× 10  mg/kg to 1.9 mg/kg, spanning more than 3 orders of magnitude depending-4

on the selected cancer risk level and exposure scenario.  The risk-based
concentration for a hazard index of 1 is between the risk-based concentrations for
cancer risks of 10  and 10 .-5 -4

5.10 Uncertainty Analysis
The uncertainties in the human health risk assessment reflect the uncertainties in
the two principal components of the risk assessment: the exposure assessment and
toxicity assessment.  The exposure assessment includes the identification of
COPCs, the identification and screening of receptors, the development of intake
assumptions, and the calculation of exposure point concentrations.  The COPCs
were determined based on a screening level risk assessment for the Lower Fox
River and Green Bay.  Thus, of the various chemicals analyzed in media from the
river and bay, the COPCs represent the chemicals which will cause the most
significant health effects.  Therefore, the baseline human health risk assessment
is unlikely to underestimate cancer risks or noncancer health effects because of
influences from chemicals that were screened out.

The receptors potentially most exposed were retained for quantitative analysis and
reasonable maximum exposures (RMEs) were estimated for each receptor.  For
selected receptors, exposure assumptions reflecting more typical exposures or
central tendency exposures (CTEs) were also developed so that a range of
exposures and associated health effects could be determined.  In particular, RME
and CTE assumptions were developed for recreational anglers, subsistence anglers
and hunters.  For recreational anglers and subsistence anglers, the critical exposure
pathway is ingestion of fish.  For recreational anglers, a variety of fish ingestion
surveys were evaluated, including the 1989 Michigan angler study of West et al.
(1989), the 1993 Michigan angler study of West et al. (1993) and the 1989
Wisconsin angler study of Fiore et al. (1989).  The data from the two studies by
West et al. (1989; 1993) are considered the most representative, so these studies
were used to estimate fish ingestion rates for the recreational angler.  Thus, both
RME and CTE fish ingestion assumptions are based on recent surveys of anglers
that have undergone peer review.
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For the subsistence anglers, three subpopulations were examined:  low-income
minority anglers, Native American subsistence anglers and Hmong subsistence
anglers.  For the low-income minority anglers, data from West et al. (1993) were
used.  For the Native American subpopulation, data from Petersen et al. (1994)
were used to adjust data from Fiore et al. (1989) to develop fish intake
assumptions.  For the Hmong anglers, data from Hutchison and Kraft (1994) and
Hutchison (1994) were used to develop fish intake assumptions.  Of the various
studies, those of Hutchison and Kraft (1994) and Hutchison (1994) for the
Hmong are most specific to the Lower Fox River and Green Bay.  Therefore, this
study was used for the subsistence angler.  The influence of alternative
assumptions for the recreational angler and subsistence angler were investigated
in the focused evaluation of fish ingestion.

For hunters, the critical exposure pathway is ingestion of hunted waterfowl.  The
waterfowl intake assumptions were based on information on the amount of
hunted waterfowl that is consumed by hunters that was collected by Amundson
(1984).  Thus, the intake assumptions for this critical pathway were based on
empirical data.

For other exposure pathways for the recreational angler, subsistence angler and
hunter, and for the exposure pathways for all other receptors, conservative default
assumptions from the EPA’s Exposure Factors Handbook (1997a) or conservative
assumptions based on professional judgement were used.  Therefore, the exposures
calculated for these pathways are unlikely to underestimate actual exposures.

For all receptors, exposure point concentrations were estimated in accordance with
EPA guidance, which is designed to be conservative.  Consequently, the intakes
estimated in the exposure assessment are unlikely to underestimate most actual
intakes.

As for the toxicity assessment, two types of health effects were evaluated:  cancer
and noncarcinogenic effects.  To determine cancer risks, cancer slope factors were
found for potentially carcinogenic compounds.  Cancer slope factors are developed
so as to not underestimate actual cancer risks.  To determine noncarcinogenic
effects, reference doses were obtained.  As with cancer slope factors, reference
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doses are developed so as to not underestimate noncancer effects.  Consequently,
the toxicological parameters utilized in the analysis have been developed so that
it is unlikely that adverse carcinogenic or noncarcinogenic health effects are
underestimated.  Since possible synergistic effects from chemical mixtures have
not been accounted for, this level of conservatism is appropriate.

For PCBs, two reference doses have been developed, one for Aroclor 1016, the
other for Aroclor 1254.  The reference dose for Aroclor 1016 has undergone
external peer review, while the reference dose for Aroclor 1254 has undergone
internal peer review within EPA.  The reference dose for Aroclor 1254, which is
3.5 times lower than the value for Aroclor 1016, was used in this assessment to
evaluate the noncancer effects of exposure to total PCBs.  Since the reference dose
for Aroclor 1254 is lower than that for Aroclor 1016, this is conservative.  In
addition, since higher molecular weight PCB congeners tend to preferentially
bioaccumulate in fish (Oliver and Nimii, 1988) and since Aroclor 1254 contains
more high molecular weight PCB congeners than Aroclor 1016, the use of the
reference dose for Aroclor 1254 is appropriate.

Uncertainties associated with the risk characterization portion of the risk
assessment for the Lower Fox River and Green Bay result from the uncertainties
associated with the exposure assessment and toxicity assessment.  In general, the
assumptions used in both the exposure assessment and toxicity assessment were
conservative.  Even with conservative assumptions, the cancer risks and hazard
indices associated with all pathways except ingestion of fish and ingestion of
waterfowl were at or below the benchmark level of 10  for cancer risks and the-6

benchmark level of 1 for hazard indices.  Since the highest risks were those
associated with fish ingestion, a focused evaluation of this pathway was performed
which investigated the influence of alternative assumptions on calculated risks and
hazard indices.  This quantitative uncertainty analysis was presented in Section
5.9 and is not repeated here.



Baseline Human Health and Ecological Risk Assessment

5-138 Human Health Risk Assessment

5.11 Summary and Conclusions

5.11.1 Summary
This section presented the baseline human health risk assessment for the Lower
Fox River and Green Bay system.  The baseline human health risk assessment:

C Identified chemicals of potential concern (COPCs) and performed
additional evaluations of PAHs and lead;

C Provided an exposure assessment that identified receptors and exposure
pathways, developed intake assumptions for receptors, and determined
exposure point concentrations;

C Presented a dose-response assessment for COPCs that reviewed the
toxicological characteristics of each COPC and identified cancer slope
factors and reference doses;

C Provided a baseline risk characterization where cancer risks and
noncancer hazard indices were calculated for each receptor;

C Presented a focused analysis of exposure to PCBs through ingestion of
fish for the two receptors with the highest cancer risks and hazard
indices: recreational anglers and subsistence anglers; and

C Provided a qualitative uncertainty analysis.

Chemicals of Potential Concern
The baseline human health risk assessment used the results of the Screening Level
Risk Assessment (SLRA) (RETEC, 1998a) as a starting point.  The human health
evaluation in the SLRA presented a conceptual site model which identified
potential sources of chemicals to the Lower Fox River, migration routes for
chemicals through the Lower Fox River and into Green Bay, and receptors for the
Lower Fox River and Green Bay.  The human health evaluation in the SLRA
compared the concentrations of chemicals in fish tissue, waterfowl tissue, and
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sediment to Risk-Based Screening Concentration (RBSCs).  The chemicals with
the most significant exceedances of RBSCs were retained for more detailed
evaluation in the baseline human health risk assessment (Appendix A; Lynch and
Webb, 1998).  These COPCs were:

C Polychlorinated biphenyls
C Polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans
C Dieldrin
C DDT, DDE, and DDD
C Arsenic
C Lead
C Mercury

In the SLRA, PAHs were screened out.  This screening was based, in part, on the
fact that PAHs, although lipophilic like PCBs, dioxins/furans, dieldrin, DDT,
DDE and DDD, are metabolized by fish.  Therefore, although PAHs were
detected in sediments, they are not expected to bioaccumulate and biomagnify up
the food chain as PCBs, dioxins/furans and chlorinated pesticides do.  At the time
of the SLRA, there were no data for PAHs in fish.  In the fall of 1998, fish
samples were submitted for analysis and the results of these analyses were
evaluated in this document.  The evaluation indicated that PAHs were detected
infrequently in the fish samples and that the risks associated with ingestion of fish
containing PAHs are 2 orders of magnitude lower than those associated with
ingestion of fish containing PCBs.  Therefore, PAHs were not considered further.

Lead was identified as a COPC in the SLRA.  Based on an evaluation of lead in
sediment, water, waterfowl and fish, lead was not considered to be of concern.

Exposure Assessment
In the conceptual site model, the receptors identified were:

C Recreational anglers
C Subsistence anglers
C Hunters
C Drinking water users
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C Local residents
C Recreational water users (swimmers and waders)
C Marine construction workers

To evaluate exposures to these receptors, intake equations were presented and
intake assumptions were developed for each receptor.  For all receptors, reasonable
maximum exposure (RME) assumptions were developed.  For the recreational
angler, subsistence angler and hunter (the receptors with the highest exposures),
central tendency exposure (CTE) assumptions were also developed.

Dose-response Assessment
To evaluate the calculated intakes, dose-response functions (i.e., cancer slope
factors and reference doses) were needed for each COPC.  This dose-response
information was provided for each COPC in the dose-response assessment.  The
dose-response assessment also reviewed the available human and animal
toxicological data for each COPC.  For PCBs, an additional review of the scientific
literature was conducted because of the concern related to consumption of
contaminated fish from the Great Lakes Area.  The weight of evidence from
human population studies indicates that exposure to PCBs found in fish of this
area causes a variety of adverse health effects.

Baseline Risk Characterization
The calculated intakes were combined with the dose response information to
calculate human health cancer risks and noncancer hazard indices for each
receptor.  A summary of the cancer risks and hazard indices for each receptor are
presented in Tables 5-94 and 5-95, respectively.

Wisconsin uses a risk level of 10  for evaluating cumulative cancer risks in the-5

evaluation of sites under chapter NR 700, while Superfund uses a risk level of 10-6

as the point at which risk management decisions may be considered.  Risk
management decisions most frequently made under Superfund are in the range of
10  to 10 .  Wisconsin under chapter NR 700 and EPA under Superfund both-6 -4

use a hazard index of 1 as a point at which risk management decisions may be
considered.
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Cancer risks exceeding 1 × 10  were identified for the recreational and-6

subsistence anglers, hunters, and drinking water users.  Cancer risks as high as 6.0
× 10  were calculated for subsistence anglers, while risks as high as 4.4 × 10-3 -3

were calculated for recreational anglers.  These values are 60 and 40 times greater
than the next highest risks calculated for any other receptor; the receptor with the
next highest risks being the hunter with a risk of 1.1 × 10 .  For the anglers, the-4

cancer risks are driven by the ingestion of PCBs in fish tissue (over 90 percent for
reaches of the Lower Fox River and over 70 percent in Green Bay).  For the
hunters, the cancer risks are driven by the ingestion of PCBs in waterfowl tissue.
The risks to drinking water users exceed the 10  level only in the De Pere to-6

Green Bay reach (3.8 × 10 ).  This exceedance is due to arsenic, and the arsenic-5

concentration used in the calculation is the value detected in one of six water
samples from this reach.  Arsenic was detected only once in the nine samples
collected from the Lower Fox River, so it is quite possible that actual arsenic
concentrations are lower than those used in this analysis; therefore, the risks
associated with arsenic in this reach may be overstated.  Additionally, the water
in this reach is not currently used as a source of drinking water and there are no
plans to use it as such in the foreseeable future (this reach of the Lower Fox River
is not classified for use as a source of drinking water).

Noncancer hazard indices exceeding 1 have been identified for the recreational
and subsistence anglers, the hunter, the drinking water user, and the local
resident.  As noncancer hazard indices become greater than 1, the potential for
adverse noncancer health effects becomes greater.  While the hazard indices for
the hunter, drinking water user, and local resident exceed 1, the maximum
calculated hazard index for these receptors was 4, only slightly above 1.  In
comparison, noncancer hazard indices for the anglers reach a maximum of 171,
more than 2 orders of magnitude above 1.  Exposure to PCBs in fish is responsible
for over 90 percent of the hazard index for anglers in the Lower Fox River and
over 70 percent of the hazard index for anglers in Green Bay.  For the hunter,
PCBs are responsible for over 90 percent of the total hazard index in the Lower
Fox River and over 87 percent of the total hazard index in Green Bay.

Hazard indices for the drinking water user and local resident exceeding 1 are due
to mercury.  The mercury surface water concentrations in the Lower Fox River
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database were obtained from a variety of sources that did not necessarily use
analytical methods intended to quantitate low concentrations of this chemical.
The study by Hurley et al. (1998) measured dissolved and total mercury in surface
water from several locations on the Lower Fox River with much finer temporal
resolution than the data included in the Lower Fox River database.  When using
more recent mercury data in the hazard index calculations for the drinking water
user and local resident, the resulting hazard indices were below 1.

EPA guidance for risk characterization (EPA, 1995b, 1995c) indicates that an
important step in the risk characterization process is the identification of
subpopulations that may be highly exposed or highly susceptible.  This evaluation
of cancer risks and noncancer hazard indices indicates that the receptors with the
highest risks and hazard indices are recreational and subsistence anglers.  Since
calculated cancer risks exceed the 10  level by more than 3 orders of magnitude-6

and calculated noncancer hazard indices exceed 1 by up to 2 orders of magnitude,
the number of people included in these subpopulations is important to consider.

There are 47,000 licensed anglers living in communities adjacent to the Lower
Fox River and Green Bay.  The entire population of this area is estimated to be
on the order of 500,000, which indicates that as many as 10 percent of the
residents are active anglers.  In addition to licensed anglers, their family members
(who may not be anglers) can be exposed to PCBs in fish.  The population of
subsistence anglers, the most highly exposed subpopulation evaluated in this risk
assessment, is estimated to be between 2,000 and 5,000 for the Lower Fox
River/Green Bay area.  For the recreational and subsistence anglers, the exposure
route of primary concern is ingestion of fish containing PCBs.  The calculated
cancer risks were as high as 4.4 × 10  for the recreational angler and 6.0 × 10-3 -3

for the subsistence angler.  This is nearly 4 orders of magnitude above the risk
level of 10 .  Put differently, this represents a maximum incremental increased-6

risk of contracting cancer in a lifetime of 6 in 1,000 as a result of consuming fish
caught from the Lower Fox River or Green Bay.  The calculated noncancer hazard
indices were as high as 125 for the recreational angler and 171 for the subsistence
angler.  These values are more than 100 times the value established to protect
people from long-term adverse noncancer health effects.  As discussed in
Subsection 5.6.2, the noncancer health effects associated with exposure to PCBs
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include reproductive effects (e.g., conception failure in highly exposed women
[Courval et al., 1997]), developmental effects (e.g., neurological impairments in
highly exposed infants and children [Lonky et al., 1996; Jacobson and Jacobson,
1996; Johnson et al., 1998]), and immune system suppression (e.g., increased
incidence of infectious disease in highly exposed infants [Smith, 1984;
Humphrey, 1988]).  All of these noncancer health effects are extensively
documented in animal studies (ATSDR, 1997).

Population estimates for hunters are more difficult to define.  The Wisconsin
Department of Natural Resources estimated that there are approximately 3,000
individuals in Brown County with licenses to hunt waterfowl.  Brown County is
the county where Green Bay is located and has a population of about 200,000
people.  Assuming that the same ratio of licenses to people applies elsewhere in
the Green Bay to Lake Winnebago corridor where the overall population is
500,000 people, the number of individuals licensed to hunt waterfowl in the
Lower Fox River/Green Bay area is about 7,500 people.  For the hunter, the
exposure route of primary concern is the ingestion of waterfowl containing PCBs.
The calculated risks for this receptor were as high as 1.1 × 10 , 2 orders of-4

magnitude above the risk level of 10 .  This represents a maximum incremental-6

increased risk of contracting cancer in a lifetime of 1 in 10,000 as a result of
consuming hunted waterfowl.  The hazard indices were as high as 4.3 which is
about 4 times greater than the value of 1.  The noncancer health effects associated
with exposure to PCBs for the hunter are similar to those described previously for
recreational and subsistence anglers.

Focused Risk Characterization
The baseline risk characterization, where cancer risks and noncancer hazard
indices were calculated for a range of receptors, indicated that the receptors with
the highest risks and hazard indices were recreational and subsistence anglers due
to exposure to PCBs in fish.  Consequently, a focused evaluation of exposure to
PCBs in fish by recreational and subsistence anglers was performed.  This focused
evaluation included the following:

C A detailed evaluation of PCB fish data
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C Restatement of equations for calculating risks and hazard indices from
fish ingestion and development of equations for calculating risk-based
concentrations in fish

C Development of intake assumptions for recreational and subsistence
anglers and restatement of toxicological parameters of PCBs

C Calculation of cancer risks and noncancer hazard indices using the
range of intake assumptions and a variety of fish species

C Calculation of risk-based concentrations in fish using the intake
assumptions for recreational anglers and subsistence anglers, and the
intake assumptions for anglers in the Protocol for a Uniform Great Lakes
Sport Fish Consumption Advisory (Andersen et al., 1993)

Evaluation of Fish Data.  Fish tissue data for total PCBs from each reach in the Lower
Fox River and each zone in Green Bay were reviewed in detail.  The sampling data
suggest that concentrations of total PCBs in fish initially decreased, but may be
leveling off.  This supposition was tested by fitting models of fish concentration
reduction to walleye data for each reach of the Lower Fox River and Zone 3B of
Green Bay.  Two mathematical models were employed.  The first model had a
single exponential function and resulted in the calculation of a single half-life.
The second model used two exponential functions with one function fitting data
from early years, the other fitting data from later years.  There was sufficient data
in three reaches of the Lower Fox River to fit the two models.  In two reaches,
Little Lake Butte des Morts and De Pere to Green Bay, the double exponential
model gave a better fit to the data than the single exponential model.  In the
Appleton to Little Rapids reach, the two models gave virtually identical results.
In the Little Rapids to De Pere reach and Zone 3B of Green Bay, there was only
enough data to fit the single exponential model.  The resulting half-lives for PCB
reduction in fish were 4.6 years in the Appleton to Little Rapids reach; 8.6 years
in the Little Lake Butte des Morts reach; 13 years in the Little Rapids to De Pere
reach; 75 years in the De Pere to Green Bay reach; and 144 years in Zone 3B of
Green Bay.  These results suggest that PCBs may remain at detectable
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concentrations in fish in the Lower Fox River/Green Bay system for decades, even
centuries.

Following this detailed evaluation of PCB concentration trends in walleye, a
variety of statistics were calculated for fish samples in each reach of the Lower Fox
River and each zone of Green Bay.  These statistics were calculated for all fish
samples and all carp, perch (white and yellow), walleye and white bass samples.
For the Lower Fox River, these same statistics were also calculated for all samples
in the 1990s for these species.  For Green Bay, these statistics were calculated for
all samples in the 1990s for these species plus the walleye samples in 1989.  Since
concentration data from the 1990s are more relevant for calculating current risks
(and future risks if concentration reductions in fish have the kind of long half-lives
reported above), the more recent concentration data were used in the calculation
of health effects for the focused evaluation.

The concentrations of PCBs in fish in Lake Winnebago, which is upstream of
Little Lake Butte des Morts and represents background, were also reviewed.  The
average concentration of PCBs in fish samples collected in the 1990s from this
lake was 0.063 mg/kg.

Risk and Hazard Index Equations.  Equations were restated for calculating cancer risks
and hazard indices from ingestion of fish.  Equations were also developed for
calculating risk-based concentrations in fish for specified risk or hazard index
levels.

Intake Assumptions and Toxicological Parameters.  A range of intake assumptions
were developed for recreational anglers and subsistence anglers.  For recreational
anglers, RME and CTE assumptions were developed from the 1989 Michigan
angler study of West et al. (1989), the 1993 Michigan angler study of West et al.
(1993), and the 1989 Wisconsin angler study of Fiore et al. (1989).  Intake
assumptions based on the average of the intakes developed in the 1989 Michigan
angler study and 1993 Michigan angler study were also developed.  For
subsistence anglers, three subpopulations were examined:  low-income minority
anglers, Native American anglers and Hmong anglers.  RME and CTE
assumptions were developed for each subpopulation.
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Cancer Risks and Hazard Indices.  Using the range of intake assumptions, a range of
cancer risks and hazard indices were calculated for recreational anglers and
subsistence anglers in each reach of the Lower Fox River and each zone in Green
Bay.  These cancer risks and hazard indices were calculated using the average
concentrations of all fish samples, carp, perch, walleye and white bass.  The fish
data from the 1990s plus walleye data in Green Bay from 1989 were used to
calculate these concentrations.  Table 5-96 summarizes the cancer risks and
hazard indices for the recreational anglers and subsistence anglers in the Lower
Fox River and Green Bay.  This table provides a lowest, median and highest risk
or hazard index.  The “lowest” value does not represent the lowest possible risk
or hazard index (which is zero, corresponding with eating no fish from the Lower
Fox River or Green Bay), but represents the lowest value calculated using the
intake assumptions provided for each angler group.  Similarly, the “highest” value
does not represent the highest possible risk or hazard index, but represents the
highest value calculated with the intake assumptions provided for each angler
group.  Also provided in Table 5-96 are the cancer risks and hazard indices that
result from using the concentration of PCB in fish from Lake Winnebago in the
calculation.  These concentrations represent background.

The highest cancer risk based on all fish samples is 1.1 × 10  for the recreational-3

angler and 1.5 × 10  for the subsistence angler, both for the RME scenario.-3

These values are 3 orders of magnitude above the 10  risk level.  For the RME-6

scenario, cancer risks range from 2 × 10  to 1.1 × 10  for the recreational angler-4 -3

and from 3 × 10  to 1.5 × 10  for the subsistence angler.  For the CTE scenario,-4 -3

the risks are 4 to 8 times lower than the corresponding risks for the RME
scenario.  This variation reflects differences in intake assumptions and variations
in fish concentrations by river reach and Green Bay zone.  The highest calculated
risks are for carp.  The lowest, median and average risk for carp are all higher than
the corresponding values for all fish samples indicating that carp concentrations
are systematically among the highest compared to other fish species.  The risks
calculated for perch, walleye and white bass are grouped together as these species
are among the most commonly sought after fish by anglers.  The highest risks in
this group are always higher than the highest risks for all fish samples.  The lowest
risk is often lower than the lowest risk for all fish samples and the median risk is
often similar to the median risk for all fish samples.  This indicates that the PCB
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concentrations in these three species show more variation than the PCB
concentrations in carp.  The maximum risk of 1.1 × 10  for the recreational-3

angler is about 23 times greater than the maximum risk of 4.6 × 10  calculated-5

using the fish concentrations from Lake Winnebago, which represents
background.  The maximum risk of 1.5 × 10  for the subsistence angler is also-3

about 23 times greater than the maximum risk calculated with the average fish
concentration from Lake Winnebago.

The highest hazard index based on all fish samples is 39 for recreational anglers
and 56 for subsistence anglers, both for the RME scenario.  These values
significantly exceed a hazard index of 1.  The highest hazard indices are for carp,
reaching 94 for recreational anglers and 133 for subsistence anglers.  The
maximum hazard indices of 39.4 for the recreational anglers and 55.6 for the
subsistence anglers are approximately 23 times greater than the hazard indices
calculated using the Lake Winnebago fish data for each receptor.

To show how risks and hazard indices vary by river reach and Green Bay zone,
the maximum cancer risks and noncancer hazard indices calculated for
recreational and subsistence anglers in each reach of the Lower Fox River and each
zone of Green Bay are provided in Table 5-97.  These maximum risks and hazard
indices were calculated using the average concentrations of all fish samples in the
1990s (plus walleye data from 1989 in Green Bay).  In the Lower Fox River, the
highest risks and hazard indices occur in the De Pere to Green Bay reach, while
the lowest risks and hazard indices occur in the Little Rapids to De Pere reach.
In Green Bay, the highest risks and hazard indices are in Zone 2, while the lowest
risks and hazard indices are in Zone 4.

While difficult to quantify, it should be noted that anglers can potentially be
exposed to PCBs via ingestion of fish caught from tributaries to the Lower Fox
River or Green Bay to the extent that fish migrate upstream from the Lower Fox
River or Green Bay into these tributaries.

Risk-based Concentrations in Fish.  Using the range of intake assumptions for
recreational and subsistence anglers, a range of risk-based concentrations in fish
were determined for specific cancer risk and hazard index levels.  These risk-based
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concentrations were developed for cancer risks of 10 , 10  and 10  and a hazard-6 -5 -4

index of 1 and are presented in Table 5-98.  The risk-based fish concentrations for
the recreational angler covered a range of about 3 orders of magnitude (1.4 × 10-3

mg/kg to 1.6 mg/kg).  For a given set of assumptions, the risk-based fish
concentration for a hazard index of 1 always fell between the risk-based fish
concentrations for the 10  and 10  cancer risk levels.  To be fully protective of-5 -4

recreational anglers from adverse noncancer effects, PCB concentrations in fish as
low as 0.037 mg/kg are indicated.  Similarly, the risk-based fish concentrations for
the subsistence angler covered a range of about 3 orders of magnitude (9.8 × 10-4

mg/kg to 1.1 mg/kg) and the risk-based fish concentration for a hazard index of
1 always fell in between the risk-based fish concentrations for risk levels of 10-5

and 10 .  To be fully protective of subsistence anglers from adverse noncancer-4

effects, PCB concentrations in fish as low as 0.026 mg/kg are indicated.

For completeness, risk-based fish concentrations were also calculated using the
intake assumptions in the Protocol for a Uniform Great Lakes Sport Fish Consumption
Advisory (Andersen et al., 1993).  Intake assumptions were provided for four fish
consumption scenarios:  unlimited consumption, one meal per week, one meal per
month and six meals per year.  The resulting risk-based fish concentrations are
provided in Table 5-98.  These concentrations range from 5.0 × 10  mg/kg to 1.9-4

mg/kg, spanning more than 3 orders of magnitude depending on the selected
cancer risk level and exposure scenario.  The risk-based fish concentration for a
hazard index of 1 is between the risk-based fish concentrations for cancer risks of
10  and 10 .-5 -4

Uncertainty Analysis
The baseline human health risk assessment concluded with a qualitative
uncertainty and sensitivity analysis that described the uncertainties and
limitations in the data sets and the effects of different assumptions on the results.
This discussion was largely qualitative because the focused evaluation of exposure
to PCBs in fish provided an extensive evaluation of different intake assumptions
for the most exposed receptors: recreational anglers and subsistence anglers.
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5.11.2 Conclusions
This human health risk assessment for the Lower Fox River and Green Bay
calculated cancer risks and noncancer hazard indices for the following receptors:

C Recreational anglers
C Subsistence anglers
C Hunters
C Drinking water users
C Local residents
C Recreational water users (swimmers and waders)
C Marine construction workers

The highest cancer risks and noncancer hazard indices were calculated for
recreational anglers and subsistence anglers due primarily to consumption of fish
containing PCBs.  Using fish concentration data from 1990 on (and Walleye data
from 1989 in Green Bay), the cancer risks were as high as 1.1 × 10  for-3

recreational anglers and 1.5 × 10  for subsistence anglers.  These risks are more-3

than 1,000 times greater than the 10  cancer risk level, which is the point at-6

which risk management decisions may be made under Superfund.  These risk are
more than 100 times greater than the 10  cancer risk level used by Wisconsin in-5

evaluating sites under chapter NR 700.  The hazard indices were as high as 39 for
the recreational angler and 56 for the subsistence angler, far in exceedence of the
value of 1 established to protect people from long-term adverse noncancer health
effects.  The noncancer health effects associated with exposure to PCBs include
reproductive effects (e.g., conception failure in highly exposed women [Courval
et al., 1997]), developmental effects (e.g., neurological impairment in highly
exposed infants and children [Lonky et al., 1996; Jacobson and Jacobson, 1996;
Johnson et al., 1998]), and immune system suppression (e.g., increased incidence
of infectious disease in highly exposed infants [Smith, 1984; Humphrey, 1988]).
All of these noncancer health effects are extensively documented in animal studies
(ATSDR, 1997).  To provide perspective on the number of individuals who are
potentially exposed, there are on the order of 47,000 recreational anglers based
on fish licenses and between 2,000 and 5,000 subsistence anglers based on a
variety of surveys.  The subsistence anglers include low-income minority anglers,
Native American anglers and Hmong anglers.
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Cancer risks and hazard indices were calculated by river reach and Green Bay
zone.  However, there was relatively little difference between the highest risk in
any reach or zone, which occurred in the De Pere to Green Bay reach, and the
lowest risk in any reach or zone, which occurred in the Little Rapids to De Pere
reach.  The risk in the De Pere to Green Bay reach is 2.6 times greater than the
risk in the Little Rapids to De Pere reach.

The cancer risks and hazard indices were examined in detail in four species:  carp,
perch, walleye and white bass.  Carp consistently had the highest concentrations
of PCBs in each reach where data was available and so exhibited the highest
cancer risks and hazard indices.  The lowest concentrations of PCBs occurred for
perch, walleye or white bass, depending on the river reach or Green Bay zone.
The cancer risks and hazard indices for these three species are comparable.

The only other receptors with cancer risks exceeding 10  were the hunters and-6

drinking water users.  The risks to the hunter were as high as 1.1 × 10 , but were-4

at least 10 times lower than the risks to the anglers.  The risk to the hunter was
due to ingestion of PCBs in waterfowl.  The risk to drinking water users exceeded
10  only in the De Pere to Green Bay reach.  This exceedence was due to arsenic-6

in surface water and the arsenic value was from one detected value in a total of six
samples.  A more systematic sampling of this water for arsenic might show this
single detected value to be anomalous.  Additionally, the water in this reach is not
currently used as a source of drinking water and there are no plans to use it as
such in the foreseeable future (this reach of the Lower Fox River is not classified
for use as a source of drinking water).  The cancer risks to drinking water users in
all other reaches and Green Bay were below the 10  level, as were the cancer risks-6

for the local residents, recreational water users (swimmers and waders) and marine
construction workers.

The only other receptor with hazard indices exceeding 1 was the hunter.  The
highest hazard index for this receptor was 4.3, which is more than 10 times lower
than the highest hazard index to the subsistence angler, 56.  The hazard indices
were below 1 for drinking water users, local residents, recreational water users
(swimmers and waders) and marine construction workers.
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Recreational and subsistence anglers are at greatest risk for contracting cancer or
experiencing noncancer health effects.  The highest cancer risks are more than 20
times greater than background risks calculated for eating fish from Lake
Winnebago.  The primary reason for these elevated risks and hazard indices is
ingestion of fish containing PCBs.





Figure 5-2        Cancer Risks for the Little Lake Butte des Morts Reach

* KEY FOR RECEPTORS

   RA1 - Recreational Angler (RME/Upperbound)

   RA2 - Recreational Angler (RME/Average) HN1 - Hunter (RME/Upperbound)    LR1 - Local Resident (RME/Upperbound)

   RA3 - Recreational Angler (CTE/Average) HN2 - Hunter (RME/Average)    RWU1 - Swimmer (RME/Upperbound)

   SA1 - Subsistence Angler (RME/Upperbound) HN3 - Hunter (CTE/Average)    RWU2 - Wader (RME/Upperbound)

   SA2 - Subsistence Angler (RME/Average) DWU1 - Drinking Water User (RME/Upperbound)    MCW - Construction Worker (RME/Upperbound)

   SA3 - Subsistence Angler (CTE/Average)
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Figure 5-3        Hazard Indices for the Little Lake Butte des Morts Reach

* KEY FOR RECEPTORS

   RA1 - Recreational Angler (RME/Upperbound) HN1 - Hunter (RME/Upperbound)    LR1 - Local Resident (RME/Upperbound)

   RA2 - Recreational Angler (RME/Average) HN2 - Hunter (RME/Average)    LR2 - Local Resident (RME/Upperbound and

   RA3 - Recreational Angler (CTE/Average) HN3 - Hunter (CTE/Average) Recent Mercury Data)

   SA1 - Subsistence Angler (RME/Upperbound) DWU1 - Drinking Water User (RME/Upperbound)    RWU1 - Swimmer (RME/Upperbound)

   SA2 - Subsistence Angler (RME/Average) DWU2 - Drinking Water User (RME/Upperbound    RWU2 - Wader (RME/Upperbound)

   SA3 - Subsistence Angler (CTE/Average) and Recent Mercury Data)    MCW - Construction Worker (RME/Upperbound)

RA1
RA2

RA3
SA1

SA2
SA3

HN1
HN2

HN3
DWU1

DWU2
LR1

LR2
RWU1

RWU2
MCW

Receptors*

0.01

0.1

1

10

100

1000

H
az

ar
d

 In
d

ex

Hazard Indices



Figure 5-4        Cancer Risks for the Appleton to Little Rapids Reach

* KEY FOR RECEPTORS

   RA1 - Recreational Angler (RME/Upperbound)

   RA2 - Recreational Angler (RME/Average) HN1 - Hunter (RME/Upperbound)    LR1 - Local Resident (RME/Upperbound)

   RA3 - Recreational Angler (CTE/Average) HN2 - Hunter (RME/Average)    RWU1 - Swimmer (RME/Upperbound)

   SA1 - Subsistence Angler (RME/Upperbound) HN3 - Hunter (CTE/Average)    RWU2 - Wader (RME/Upperbound)

   SA2 - Subsistence Angler (RME/Average) DWU1 - Drinking Water User (RME/Upperbound)    MCW - Construction Worker (RME/Upperbound)

   SA3 - Subsistence Angler (CTE/Average)
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Figure 5-5        Hazard Indices for the Appleton to Little Rapids Reach

* KEY FOR RECEPTORS

   RA1 - Recreational Angler (RME/Upperbound) HN1 - Hunter (RME/Upperbound)    LR1 - Local Resident (RME/Upperbound)

   RA2 - Recreational Angler (RME/Average) HN2 - Hunter (RME/Average)    LR2 - Local Resident (RME/Upperbound and

   RA3 - Recreational Angler (CTE/Average) HN3 - Hunter (CTE/Average) Recent Mercury Data)

   SA1 - Subsistence Angler (RME/Upperbound) DWU1 - Drinking Water User (RME/Upperbound)    RWU1 - Swimmer (RME/Upperbound)

   SA2 - Subsistence Angler (RME/Average) DWU2 - Drinking Water User (RME/Upperbound    RWU2 - Wader (RME/Upperbound)

   SA3 - Subsistence Angler (CTE/Average) and Recent Mercury Data)    MCW - Construction Worker (RME/Upperbound)
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Figure 5-6        Cancer Risks for the Little Rapids to DePere Reach

* KEY FOR RECEPTORS

   RA1 - Recreational Angler (RME/Upperbound)

   RA2 - Recreational Angler (RME/Average) HN1 - Hunter (RME/Upperbound)    LR1 - Local Resident (RME/Upperbound)

   RA3 - Recreational Angler (CTE/Average) HN2 - Hunter (RME/Average)    RWU1 - Swimmer (RME/Upperbound)

   SA1 - Subsistence Angler (RME/Upperbound) HN3 - Hunter (CTE/Average)    RWU2 - Wader (RME/Upperbound)

   SA2 - Subsistence Angler (RME/Average) DWU1 - Drinking Water User (RME/Upperbound)    MCW - Construction Worker (RME/Upperbound)

   SA3 - Subsistence Angler (CTE/Average)
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Figure 5-7        Hazard Indices for the Little Rapids to DePere Reach

* KEY FOR RECEPTORS

   RA1 - Recreational Angler (RME/Upperbound) HN1 - Hunter (RME/Upperbound)    LR1 - Local Resident (RME/Upperbound)

   RA2 - Recreational Angler (RME/Average) HN2 - Hunter (RME/Average)    LR2 - Local Resident (RME/Upperbound and

   RA3 - Recreational Angler (CTE/Average) HN3 - Hunter (CTE/Average) Recent Mercury Data)

   SA1 - Subsistence Angler (RME/Upperbound) DWU1 - Drinking Water User (RME/Upperbound)    RWU1 - Swimmer (RME/Upperbound)

   SA2 - Subsistence Angler (RME/Average) DWU2 - Drinking Water User (RME/Upperbound    RWU2 - Wader (RME/Upperbound)

   SA3 - Subsistence Angler (CTE/Average) and Recent Mercury Data)    MCW - Construction Worker (RME/Upperbound)
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Figure 5-8        Cancer Risks for the DePere to Green Bay Reach

* KEY FOR RECEPTORS

   RA1 - Recreational Angler (RME/Upperbound)

   RA2 - Recreational Angler (RME/Average) HN1 - Hunter (RME/Upperbound)    LR1 - Local Resident (RME/Upperbound)

   RA3 - Recreational Angler (CTE/Average) HN2 - Hunter (RME/Average)    RWU1 - Swimmer (RME/Upperbound)

   SA1 - Subsistence Angler (RME/Upperbound) HN3 - Hunter (CTE/Average)    RWU2 - Wader (RME/Upperbound)

   SA2 - Subsistence Angler (RME/Average) DWU1 - Drinking Water User (RME/Upperbound)    MCW - Construction Worker (RME/Upperbound)

   SA3 - Subsistence Angler (CTE/Average)
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Figure 5-9        Hazard Indices for the DePere to Green Bay Reach

* KEY FOR RECEPTORS

   RA1 - Recreational Angler (RME/Upperbound) HN1 - Hunter (RME/Upperbound)    LR1 - Local Resident (RME/Upperbound)

   RA2 - Recreational Angler (RME/Average) HN2 - Hunter (RME/Average)    LR2 - Local Resident (RME/Upperbound and

   RA3 - Recreational Angler (CTE/Average) HN3 - Hunter (CTE/Average) Recent Mercury Data)

   SA1 - Subsistence Angler (RME/Upperbound) DWU1 - Drinking Water User (RME/Upperbound)    RWU1 - Swimmer (RME/Upperbound)

   SA2 - Subsistence Angler (RME/Average) DWU2 - Drinking Water User (RME/Upperbound    RWU2 - Wader (RME/Upperbound)

   SA3 - Subsistence Angler (CTE/Average) and Recent Mercury Data)    MCW - Construction Worker (RME/Upperbound)
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Figure 5-10        Cancer Risks for Green Bay

* KEY FOR RECEPTORS

   RA1 - Recreational Angler (RME/Upperbound)

   RA2 - Recreational Angler (RME/Average) HN1 - Hunter (RME/Upperbound)    LR1 - Local Resident (RME/Upperbound)

   RA3 - Recreational Angler (CTE/Average) HN2 - Hunter (RME/Average)    RWU1 - Swimmer (RME/Upperbound)

   SA1 - Subsistence Angler (RME/Upperbound) HN3 - Hunter (CTE/Average)    RWU2 - Wader (RME/Upperbound)

   SA2 - Subsistence Angler (RME/Average) DWU1 - Drinking Water User (RME/Upperbound)    MCW - Construction Worker (RME/Upperbound)

   SA3 - Subsistence Angler (CTE/Average)
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Figure 5-11        Hazard Indices for Green Bay

* KEY FOR RECEPTORS

   RA1 - Recreational Angler (RME/Upperbound) HN1 - Hunter (RME/Upperbound)    LR1 - Local Resident (RME/Upperbound)

   RA2 - Recreational Angler (RME/Average) HN2 - Hunter (RME/Average)    LR2 - Local Resident (RME/Upperbound and

   RA3 - Recreational Angler (CTE/Average) HN3 - Hunter (CTE/Average) Recent Mercury Data)

   SA1 - Subsistence Angler (RME/Upperbound) DWU1 - Drinking Water User (RME/Upperbound)    RWU1 - Swimmer (RME/Upperbound)

   SA2 - Subsistence Angler (RME/Average) DWU2 - Drinking Water User (RME/Upperbound    RWU2 - Wader (RME/Upperbound)

   SA3 - Subsistence Angler (CTE/Average) and Recent Mercury Data)    MCW - Construction Worker (RME/Upperbound)
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Figure 5-12   Concentrations of Total PCBs in Fish in Little Lake Butte des Morts
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Figure 5-13    Concentrations of Total PCBs in Fish in Appleton to Little Rapids
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Figure 5-14    Concentrations of Total PCBs in Fish in Little Rapids to De Pere
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Figure 5-15   Concentrations of Total PCBs in Fish in De Pere to Green Bay
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Figure 5-16   Concentrations of Total PCBs in Fish in Zone 2 of Green Bay
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Figure 5-17   Concentrations of Total PCBs in Fish in Zone 3A of Green Bay
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Figure 5-18   Concentrations of Total PCBs in Fish in Zone 3B of Green Bay
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Figure 5-19   Concentrations of Total PCBs in Fish in Zone 4 of Green Bay
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Figure 5-20  Concentrations of Total PCBs in Walleye in Little Lake 
Butte des Morts Reach
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Figure 5-21  Concentrations of Total PCBs in Walleye in Appleton to 
Little Rapids
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Figure 5-22  Concentrations of Total PCBs in Walleye in Little Rapids 
to DePere Reach
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Figure 5-23  Concentrations of Total PCBs in Walleye in DePere to 
Green Bay Reach
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Figure 5-24  Concentrations of Total PCBs in Walleye in Zone 3B of 
Green Bay
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Figure5-25  Rangeof CancerRisks for Recreational AnglersandSubsistence Anglers in theLower 
Fox River
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Figure 5-26  Maximum Cancer Risks for Recreational Anglers and Subsistence Anglers by Reach 
in the Lower Fox River
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RA - Recreational Angler SA - Subsistence Angler
RME - Reasonable Maximum Exposure CTE - Central Tendency Exposure
Note: Risks calculated using average concentrations of all fish samples in 1990s.



Figure 5-27  Range of Cancer Risks for Recreational Anglers and Subsistence Anglers in Green 
Bay
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Figure 5-28  Maximum Cancer Risks for Recreational Anglers and Subsistence Anglers by Zone in 
Green Bay
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Note: Risks calculated using average concentrations of all fish samples in 1990s plus walleye samples in 1989.



Figure 5-29  Range of Hazard Indices for Recreational Anglers and Subsistence Anglers in the 
Lower Fox River
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Note: Risks calculated using average concentrations of all fish samples in 1990s.



Figure 5-30  Maximum Hazard Indices for Recreational Anglers and Subsistence Anglers by Reach 
in the Lower Fox River
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Note: Risks calculated using average concentrations of all fish samples in 1990s.



Figure 5-31  Range of Hazard Indices for Recreational Anglers and Subsistence Anglers in Green 
Bay
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Note: Risks calculated using average concentrations of all fish samples in 1990s plus walleye samples in 1989.



Figure 5-32  Maximum Hazard Indices for Recreational Anglers and Subsistence Anglers by Zone 
in Green Bay
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Figure 5-33  Risk-based Fish Concentrations for Recreational Anglers

Notes: 89 MI - 1989 Michigan Study, 93 MI - 1993 Michigan Study
MI Avg. - Uses average intake from 1989 and 1993 Michigan studies, 89 WI - 1989 Wisconsin Study
RME - Reasonable Maximum Exposure, CTE - Central Tendency Exposure
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Figure 5-34  Risk-based Fish Concentrations for Subsistence Anglers

Notes: Lo Inc - Low Income Minority Angler, Nat Am - Native American Angler
RME - Reasonable Maximum Exposure, CTE - Central Tendency Exposure
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Figure 5-35  Risk-based Fish Concentrations Using Assumptions from the Great Lakes Sport Fish Advisory 
Task Force

Notes: Unlim. Cons. - Unlimited Consumptionof Fish    One per Wk. - One Meal Consumed of Fish per Week
One per Mo. - One Meal Consumed of Fish per Month    Six per Yr. - Six meals of fisj Consumed per year
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Table 5-1 Potential Human Receptors and Exposure Pathways
for the Lower Fox River and Green Bay

Receptor Source
Medium

Exposure
Medium

Exposure
Pathway

Comments

Recreational surface water outdoor air inhalation Pathway potentially complete.
Angler water ingestion Pathways potentially complete, but exposure

dermal likely to be intermittent and for short periods.
surface water fish ingestion Pathway potentially complete.
and sediment

Subsistence surface water outdoor air inhalation Pathway potentially complete.
Angler water ingestion Pathways potentially complete, but exposure

dermal likely to be intermittent and for short periods.
surface water fish ingestion Pathway potentially complete.
and sediment

Hunter surface water outdoor air inhalation Pathway potentially complete.
water ingestion Pathways potentially complete, but exposure

dermal likely to be intermittent and for short periods.
surface water waterfowl ingestion Pathway potentially complete.
and sediment

Drinking Water surface water tap water ingestion Pathways potentially complete. Water upstream
User dermal of dam in Appleton and in Green Bay at Marinette

indoor air inhalation is used for drinking. Water is treated before 
distribution.

Local Resident surface water outdoor air inhalation Pathway potentially complete.

Recreational surface water outdoor air inhalation Pathways potentially complete as a
Water User water ingestion result of swimming, wading, water skiing, jet

dermal skiing; no beaches in Fox River, beaches in
sediment sediment ingestion Green Bay.

dermal

Marine surface water outdoor air inhalation Pathways potentially complete.
Construction water ingestion
Worker dermal

sediment sediment ingestion
dermal



Baseline Human Health and Ecological Risk Assessment

Human Health Risk Assessment 5-188

Table 5-2 Fish Consumption Advisories for Lower Fox River and Green Bay

Water Body/Fish Meal/Week or 52 Meal/Month or 12 Meal Every 2 Months or 6 Do Not Eat
Species Meals/Year Meals/Year Meals/Year (>1.9 ppm PCBs in fish)

Eat No More than One Eat No More than One Eat No More than One

(0.05–0.2 p.m. PCBs in fish) (0.2–1.0 ppm PCBs in fish) (1.0–1.9 ppm PCBs in fish)

Fox River from Little Lake Butte des Morts to the De Pere Dam

Walleye All Sizes

Northern Pike All Sizes

White Bass All Sizes

White Perch All Sizes

Smallmouth Bass All Sizes

Yellow Perch All Sizes

Carp All Sizes

Fox River from the Mouth up to the De Pere Dam

Walleye Less than 16" 16–22" Larger than 22"

Northern Pike Less than 25" Larger than 25"

White Sucker All Sizes

White Bass All Sizes

Black Crappie Less than 9" Larger than 9"

Bluegill All Sizes

Rock Bass All Sizes

Yellow Perch All Sizes

Smallmouth Bass All Sizes

Carp All Sizes

Channel Catfish All Sizes

Sheepshead Less than 10" 10–13" Larger than 13"



Table 5-2 Fish Consumption Advisories for Lower Fox River and Green Bay (Continued)

Baseline Human Health and Ecological Risk Assessment

Water Body/Fish Meal/Week or 52 Meal/Month or 12 Meal Every 2 Months or 6 Do Not Eat
Species Meals/Year Meals/Year Meals/Year (>1.9 ppm PCBs in fish)

Eat No More than One Eat No More than One Eat No More than One

(0.05–0.2 p.m. PCBs in fish) (0.2–1.0 ppm PCBs in fish) (1.0–1.9 ppm PCBs in fish)

Human Health Risk Assessment 5-189

Green Bay (south of Marianette and its tributaries, except the Lower Fox River)

Northern Pike Less than 22" Larger than 22"

Walleye Less than 17" 17–26" Larger than 26"

White Bass All Sizes

Yellow Perch All Sizes

Carp All Sizes

White Perch All Sizes

Smallmouth Bass All Sizes

Channel Catfish All Sizes

White Sucker All Sizes

Rainbow Trout All Sizes

Chinook Salmon Less than 30" Larger than 30"

Whitefish All Sizes

Splake Less than 16" 16–20" Larger than 20"

Brown Trout Less than 17" 17–28" Larger than 28"

Sturgeon All Sizes



Table 5-3     Data Summary for 1998 Whole Body Fish Tissue Samples

Maximum Detected Average Concentration 1 Frequency of
Constituent Concentration (mg/kg) (mg/kg) Detection

PAHs
1-Methylnaphthalene 0.027 0.00793 9 / 12
1-Methylphenanthrene ND 0.004 0 / 12
2,3,5 Trimethylnaphthalene 0.034 0.00683 3 / 12
2,6 Dimethylnaphthalene 0.014 0.0051 3 / 12
2-Methylnaphthalene 0.047 0.01203 10 / 12
Acenaphthene 0.0051 0.00412 2 / 12
Acenaphthylene ND 0.004 0 / 12
Anthracene 0.0042 0.00402 1 / 12
Benzo(a)anthracene 0.016 0.00583 2 / 12
Benzo(a)pyrene 0.016 0.00583 2 / 12
Benzo(b)fluoranthene 0.016 0.00567 2 / 12
Benzo(e)pyrene 0.0064 0.00438 2 / 12
Benzo(g,h,i)perylene 0.017 0.00617 2 / 12
Benzo(k)fluoranthene 0.02 0.00633 2 / 12
Chrysene 0.018 0.00625 2 / 12
Dibenz(a,h)anthracene 0.017 0.00617 2 / 12
Fluoranthene 0.024 0.00718 5 / 12
Fluorene 0.0064 0.0044 5 / 12
Indeno(1,2,3-cd)pyrene 0.016 0.006 2 / 12
Naphthalene 0.018 0.00788 10 / 12
Perylene ND 0.004 0 / 12
Phenanthrene 0.01 0.00575 7 / 12
Pyrene 0.022 0.00693 3 / 12
PCBs
Total PCBs 8.279 2.443 26 / 26
DIOXINS
2,3,7,8-TCDD 0.000002 0.00000076 17 / 17

1 Average concentration includes one-half the detection limit for non-detect samples.

ND - Not Detected



Table 5-4     Toxicity Criteria and Calculated RBSCs

Oral Reference Dose Oral Cancer Slope Non-Cancer RBSC Cancer RBSC
Constituent (mg/kg-day) Factor (mg/kg-day)-1 (mg/kg) (mg/kg)

PAHs
1-Methylnaphthalene 1 0.04 NA 2.0 NA
2,3,5 Trimethylnaphthalene 1 0.04 NA 2.0 NA
2,6 Dimethylnaphthalene 1 0.04 NA 2.0 NA
2-Methylnaphthalene 0.04 NA 2.0 NA
Acenaphthene 0.06 NA 3.0 NA
Anthracene 0.3 NA 15 NA
Benzo(a)anthracene NA 0.73 NA 6.85E-04
Benzo(a)pyrene NA 7.3 NA 6.85E-05
Benzo(b)fluoranthene NA 0.73 NA 6.85E-04
Benzo(e)pyrene 2 0.06 NA 3.0 NA
Benzo(g,h,i)perylene 2 0.06 NA 3.0 NA
Benzo(k)fluoranthene NA 0.073 NA 6.85E-03
Chrysene NA 0.0073 NA 6.85E-02
Dibenz(a,h)anthracene NA 7.3 NA 6.85E-05
Fluoranthene 0.04 NA 2.0 NA
Fluorene 0.04 NA 2.0 NA
Indeno(1,2,3-cd)pyrene NA 0.73 NA 6.85E-04
Naphthalene 0.04 NA 2.0 NA
Phenanthrene 3 0.3 NA 15 NA
Pyrene 0.03 NA 1.5 NA
PCBs
Total PCBs 2.00E-05 2.0 0.001 2.50E-04
DIOXINS
2,3,7,8-TCDD NA 150,000 NA 3.33E-09

1 Toxicity criteria for 2-methylnaphthalene were used to evaluate this constituent.
2 Toxicity criteria for acenaphthene were used to evaluate this constituent.
3 Toxicity criteria for anthracene were used to evaluate this constituent.
NA - Not Available



Table 5-5     Screening of Constituents Against RBSCs and Calculated Cancer Risks

Maximum Detected RBSC for Fish Does Max. Detect Calculated
Constituent Concentration (mg/kg) Ingestion (mg/kg) Exceed RBSC? Cancer Risk

PAHs
1-Methylnaphthalene 0.027 2.0 No
2,3,5 Trimethylnaphthalene 0.034 2.0 No
2,6 Dimethylnaphthalene 0.014 2.0 No
2-Methylnaphthalene 0.047 2.0 No
Acenaphthene 0.0051 3.0 No
Anthracene 0.0042 15 No
Benzo(a)anthracene 0.016 6.85E-04 YES 2.3E-05
Benzo(a)pyrene 0.016 6.85E-05 YES 2.3E-04
Benzo(b)fluoranthene 0.016 6.85E-04 YES 2.3E-05
Benzo(e)pyrene 0.0064 3.0 No
Benzo(g,h,i)perylene 0.017 3.0 No
Benzo(k)fluoranthene 0.02 6.85E-03 YES 2.9E-06
Chrysene 0.018 6.85E-02 No
Dibenz(a,h)anthracene 0.017 6.85E-05 YES 2.5E-04
Fluoranthene 0.024 2.0 No
Fluorene 0.0064 2.0 No
Indeno(1,2,3-cd)pyrene 0.016 6.85E-04 YES 2.3E-05
Naphthalene 0.018 2.0 No
Phenanthrene 0.01 15 No
Pyrene 0.022 1.5 No
PCBs
Total PCBs 8.279 0.00025 YES 3.3E-02
DIOXINS
2,3,7,8-TCDD 0.000002 3.33E-09 YES 6.0E-04



Baseline Human Health and Ecological Risk Assessment

Human Health Risk Assessment 5-193

Table 5-6 Permeability Coefficients for Chemicals of Potential Concern

Chemical Basis
Kp

(cm/hr)

PCB 0.71 Estimated based on hexachlorobiphenyl

Dioxins/Furans 1.4 Estimated based on 2,3,7,8-TCDD

Dieldrin 0.016 Estimated

DDT 0.43 Estimated

DDE 0.24 Estimated

DDD 0.28 Estimated

Arsenic 0.001 Default value for inorganics

Lead 4 × 10 Measured based on lead acetate-6

Mercury 1 × 10 Measured based on mercuric chloride-3

Source:  Dermal Exposure Assessment: Principles and Application (EPA, 1992a)



Table 5-7    Calculated Permeability Coefficients for PCB Aroclors 
and PCB, Dioxin and Furan Congeners

Molecular
Weight Log Kow Estimated Kp

Chemical of Potential Concern (g/mol) (cm/hr)
PCB Aroclors
Aroclor 1016 257 5.1 2.15E-001
Aroclor 1221 192 4.4 1.71E-001
Aroclor 1232 221 4.85 2.37E-001
Aroclor 1242 261 6.3 2.21E-001
Aroclor 1248 288 6.05 6.59E-001
Aroclor 1254 327 6.45 7.32E-001
Aroclor 1260 372 6.9 8.12E-001
PCB Congeners
3,3',4,4'-TeCB (PCB-77) 291.99 6.1 6.76E-001
2,3,3',4,4'-PeCB (PCB-105) 326.4 6 3.54E-001
2,3,4,4',5-PeCB (PCB-114) 326.4 6.35 6.27E-001
2,3',4,4',5-PeCB (PCB-118) 326.4 6.35 6.27E-001
2',3,4,4',5-PeCB (PCB-123) 326.4 6.35 6.27E-001
3,3',4,4',5-PeCB (PCB-126) 326.4 6.35 6.27E-001
2,3,3',4,4',5-HxCB (PCB-156) 360.9 7 1.12E+000
2,3,3',4,4',5'-HxCB (PCB-157) 360.9 7 1.12E+000
2,3',4,4',5,5'-HxCB (PCB-167) 360.9 7 1.12E+000
3,3',4,4',5,5'-HxCB (PCB-169) 360.88 7.55 2.75E+000
2,2',3,3',4,4',5-HpCB (PCB-170) 395.32 7.08 7.86E-001
2,2',3,4,4',5,5'-HpCB (PCB-180) 395.32 7.2 9.56E-001
2,3,3',4,4',5,5'-HpCB (PCB-189) 395.3 6.85 5.40E-001
Dioxin Congeners
1,2,3,7,8-PCDD 356.4 7.4 2.29E+000
1,2,3,4,7,8-HxCDD 391 7.8 2.71E+000
1,2,3,6,7,8-HxCDD 391 7.8 2.71E+000
1,2,3,7,8,9-HxCDD 391 7.8 2.71E+000
1,2,3,4,6,7,8-HpCDD 425.2 8 2.32E+000
OCDD 460 8.2 1.98E+000
Furan Congeners
2,3,7,8-TCDF 306 6.1 5.55E-001
1,2,3,7,8-PCDF 340.42 6.5 6.58E-001
2,3,4,7,8-PCDF 340.42 6.5 6.58E-001
1,2,3,4,7,8-HxCDF 374.87 7 9.19E-001
1,2,3,6,7,8-HxCDF 374.87 7 9.19E-001
1,2,3,7,8,9-HxCDF 374.87 7 9.19E-001
2,3,4,6,7,8-HxCDF 374.87 7 9.19E-001
1,2,3,4,6,7,8-HpCDF 409.31 7.4 1.09E+000
1,2,3,4,7,8,9-HpCDF 409.31 6.9 4.81E-001
OCDF 443.8 8 1.79E+000

Sources:  Mackay et al. (1992a, 1992b) for molecular weight and Log Kow.  Kp estimated using 
equation in Dermal Exposure Assessment: Principles and Application (EPA, 1992a).



Baseline Human Health and Ecological Risk Assessment

Human Health Risk Assessment 5-195

Table 5-8 Absorption Factors for Chemicals for Ingestion of Sediment

Chemical
Absorption Factor

(percent/event)

PCB 100%

Dioxins/Furans 100%

Dieldrin 100%

DDT 100%

DDE 100%

DDD 100%

Arsenic 32%

Lead 100%

Mercury 100%

Source:  Professional judgement except for arsenic, which is based on Freeman et al. (1993).



Baseline Human Health and Ecological Risk Assessment

5-196 Human Health Risk Assessment

Table 5-9 Absorption Factors for Chemicals for Dermal Contact with
Sediment

Chemical
Absorption Factor

(percent/event)

PCB 6%

Dioxins/Furans 3%

Dieldrin 10%

DDT 10%

DDE 10%

DDD 10%

Arsenic 3.2%

Lead 1.0%

Mercury 1.0%

Source:  Assessing Dermal Exposure from Soil (EPA, 1995a)



Table 5-10 Fish Ingestion Assumptions for Recreational Angler

Recreational Angler Recreational Angler Recreational Angler
Intake RME CTE RME CTE RME CTE
Parameter (West et al., 1989) (West et al., 1993) (Fiore et al., 1989)
IR 39 12 78 17 227 227
EF 365 365 365 365 60 18

Key:
  IR is daily consumption of fish (g/day).
  EF is exposure frequency or number of days per year when sport-caught fish is eaten (days/year).



Table 5-11 Fish Ingestion Assumptions for Subsistence Angler

Low Income, Minority Angler Native American Angler Hmong Subsistence Angler Hmong Subsistence Angler
Intake RME CTE RME CTE RME CTE RME CTE

Parameter (West et al., 1993)
(Peterson et al., 1994 and Fiore

et al., 1989) (Hutchison and Kraft, 1994) (Hutchison, 1998)

IR 110 43 227 227 227 227 227 227
EF 365 365 90 27 130 34 52 9.5

Key:
  IR is daily consumption of fish (g/day).
  EF is exposure frequency or number of days per year when sport-caught fish is eaten (days/year).



Baseline Human Health and Ecological Risk Assessment

Human Health Risk Assessment 5-199

Table 5-12 Consumption of Sport Fish by Hmong Anglers

Fish Consumption Meals/Year Fraction of Anglers

Never 0 0.08
Once per month 12 0.53
2–3 times per month 30 0.15
Once per week 52 0.09
2–3 times per week 130 0.14
Every day 365 0

Average 34 meals/year
95  Percentile 130 meals/yearth

Source:  Hutchison and Kraft, 1994



Baseline Human Health and Ecological Risk Assessment

5-200 Human Health Risk Assessment

Table 5-13 Consumption of Fish from De Pere to Green Bay Reach of
Lower Fox River by Hmong Anglers

Fish Consumption Meals/Year Fraction of Anglers

Never 0 0.51
Once per month 12 0.42
Once per week 52 0.061
2–3 times per week 130 0.01

Average 9.5 meals/year
95  Percentile 52 meals/yearth

Source:  Hutchison, 1998



Baseline Human Health and Ecological Risk Assessment

Human Health Risk Assessment 5-201

Table 5-14 Average Size of Meal Consumed by Hmong

Most
Likely Bass Carp Trout Salmon Total

Meal Size

Fraction
of

Weighed
Estimates

1/3 pound 3 2 1 1 7 0.39
1/2 pound 2 4 1 1 8 0.44
1 pound 2 0 1 0 3 0.17
Other 8 3 2 2 15

Average quantity: 0.52 lbs.

Source:  Hutchison, 1994 (Sheboygan Study)



Table 5-15 Summary of Intake Parameter Values for Recreational Anglers--RME Assumptions

Assumptions Comments and References
General Assumptions:
BW (body weight) = 71.8 kg default body weight of an adult [a]
EF (exposure frequency) = varies see individual exposure pathways
ED (exposure duration) = 50 years adjusted value for population mobility (see text)
AT (averaging times)
     Carcinogenic Effects = 365*75 days value specified in [a]
     Noncarcinogenic Effects = 365*50 days based on exposure period [b]

Ingestion of Fish:
EF (exposure frequency) = 365 days/yr ingestion rate is averaged over the year
IR (fish ingestion rate) = 59 g/day average 95th percentile for [c] and [d]
RF (reduction factor) = varies chemical-specific (see text)
ABS (absorption factor) = 100% conservatively assumed

Incidental Ingestion of Surface Water:
EF (exposure frequency) = 95 days/yr based on the number of meals per year
IR ( incidental ingestion rate) = 20 mL/day professional judgement (1 mouthfull of water)
FI (fraction ingested) = 10% professional judgement (see text)
ABS (absorption factor) = 100% conservatively assumed

Dermal Contact with Surface Water:
EF (exposure frequency) = 95 days/yr based on the number of meals per year
ET (exposure time) = 0.25 hr/day professional judgement
TBS (total body surface area) = 21,850 cm² average upper value for adults [a]
FBE (fraction of body exposed) = 5.15% corresponds to hands of adult [a]
SA (exposed skin area = TBS*FBE) = 1,125 cm² SA = TBS * FBE
FC  (fraction of dermal exposure at site) = 100% conservatively assumed
PC (permeability constant) = varies chemical-specific (see text)

Inhalation of Volatiles from Surface Water:
EF (exposure frequency) = 95 days/yr based on the number of meals per year
ET (exposure time) = 6 hrs/day professional judgement
IR (inhalation rate) = 1.0 m³/hr value for adults, light activity [a]
ABS (absorption factor) = 100% conservatively assumed

NOTES:
[a] USEPA, 1997. Exposure Factors Handbook.
[b] USEPA, 1989. Risk Assessment Guidance for Superfund, Volume 1: Human Health Evaluation Manual (Part A: Baseline Risk Assessment).
[c] West et al., 1989
[d] West et al., 1993



Table 5-16 Summary of Intake Parameter Values for Recreational Anglers--CTE Assumptions

Assumptions Comments and References
General Assumptions:
BW (body weight) = 71.8 kg default body weight of an adult [a]
EF (exposure frequency) = varies see individual exposure pathways
ED (exposure duration) = 30 years adjusted value for population mobility (see text)
AT (averaging times)
     Carcinogenic Effects = 365*75 days value specified in [a]
     Noncarcinogenic Effects = 365*30 days based on exposure period [b]

Ingestion of Fish:
EF (exposure frequency) = 365 days/yr ingestion rate is averaged over the year
IR (fish ingestion rate) = 15 g/day average of mean for [c] and [d]
RF (reduction factor) = varies chemical-specific (see text)
ABS (absorption factor) = 100% conservatively assumed

Incidental Ingestion of Surface Water:
EF (exposure frequency) = 24 days/yr based on the number of meals per year
IR ( incidental ingestion rate) = 20 mL/day professional judgement (1 mouthfull of water)
FI (fraction ingested) = 10% professional judgement (see text)
ABS (absorption factor) = 100% conservatively assumed

Dermal Contact with Surface Water:
EF (exposure frequency) = 24 days/yr based on the number of meals per year
ET (exposure time) = 0.25 hr/day professional judgement
TBS (total body surface area) = 18,150 cm² average mean value for adults [a]
FBE (fraction of body exposed) = 5.15% corresponds to hands of adult [a]
SA (exposed skin area = TBS*FBE) = 935 cm² SA = TBS * FBE
FC  (fraction of dermal exposure at site) = 100% conservatively assumed
PC (permeability constant) = varies chemical-specific (see text)

Inhalation of Volatiles from Surface Water:
EF (exposure frequency) = 24 days/yr based on the number of meals per year
ET (exposure time) = 6 hrs/day professional judgement
IR (inhalation rate) = 1.0 m³/hr value for adults, light activity [a]
ABS (absorption factor) = 100% conservatively assumed

NOTES:
[a] USEPA, 1997. Exposure Factors Handbook.
[b] USEPA, 1989. Risk Assessment Guidance for Superfund, Volume 1: Human Health Evaluation Manual (Part A: Baseline Risk Assessment).
[c] West et al., 1989
[d] West et al., 1993



Table 5-17 Summary of Intake Parameter Values for Subsistence Anglers--RME Assumptions

Assumptions Comments and References
General Assumptions:
BW (body weight) = 71.8 kg default body weight of an adult [a]
EF (exposure frequency) = varies see individual exposure pathways
ED (exposure duration) = 50 years adjusted value for population mobility (see text)
AT (averaging times)
     Carcinogenic Effects = 365*75 days value specified in [a]
     Noncarcinogenic Effects = 365*50 days based on exposure period [b]

Ingestion of Fish:
EF (exposure frequency) = 130 days/yr number of meals per year [c]
IR (fish ingestion rate) = 227 g/day average portion size for Hmong [c]
RF (reduction factor) = varies chemical-specific (see text)
ABS (absorption factor) = 100% conservatively assumed

Incidental Ingestion of Surface Water:
EF (exposure frequency) = 130 days/yr based on the number of meals per year [c]
IR ( incidental ingestion rate) = 20 mL/day professional judgement (1 mouthfull of water)
FI (fraction ingested) = 10% professional judgement (see text)
ABS (absorption factor) = 100% conservatively assumed

Dermal Contact with Surface Water:
EF (exposure frequency) = 130 days/yr based on the number of meals per year [c]
ET (exposure time) = 0.25 hr/day professional judgement
TBS (total body surface area) = 21,850 cm² average upper value for adults [a]
FBE (fraction of body exposed) = 5.15% corresponds to hands of adult [a]
SA (exposed skin area = TBS*FBE) = 1,125 cm² SA = TBS * FBE
FC  (fraction of dermal exposure at site) = 100% conservatively assumed
PC (permeability constant) = varies chemical-specific (see text)

Inhalation of Volatiles from Surface Water:
EF (exposure frequency) = 130 days/yr based on the number of meals per year [c]
ET (exposure time) = 4 hrs/day professional judgement
IR (inhalation rate) = 1.0 m³/hr value for adults, light activity [a]
ABS (absorption factor) = 100% conservatively assumed

NOTES:
[a] USEPA, 1997. Exposure Factors Handbook.
[b] USEPA, 1989. Risk Assessment Guidance for Superfund, Volume 1: Human Health Evaluation Manual (Part A: Baseline Risk Assessment).
[c] Hutchison and Kraft, 1994



Table 5-18 Summary of Intake Parameter Values for Subsistence Anglers--CTE Assumptions

Assumptions Comments and References
General Assumptions:
BW (body weight) = 71.8 kg default body weight of an adult [a]
EF (exposure frequency) = varies see individual exposure pathways
ED (exposure duration) = 30 years adjusted value for population mobility (see text)
AT (averaging times)
     Carcinogenic Effects = 365*75 days value specified in [a]
     Noncarcinogenic Effects = 365*30 days based on exposure period [b]

Ingestion of Fish:
EF (exposure frequency) = 34 days/yr number of meals per year [c]
IR (fish ingestion rate) = 227 g/day average portion size for Hmong [c]
RF (reduction factor) = varies chemical-specific (see text)
ABS (absorption factor) = 100% conservatively assumed

Incidental Ingestion of Surface Water:
EF (exposure frequency) = 34 days/yr based on the number of meals per year [c]
IR ( incidental ingestion rate) = 20 mL/day professional judgement (1 mouthfull of water)
FI (fraction ingested) = 10% professional judgement (see text)
ABS (absorption factor) = 100% conservatively assumed

Dermal Contact with Surface Water:
EF (exposure frequency) = 34 days/yr based on the number of meals per year [c]
ET (exposure time) = 0.25 hr/day professional judgement
TBS (total body surface area) = 18,150 cm² average mean value for adults [a]
FBE (fraction of body exposed) = 5.15% corresponds to hands of adult [a]
SA (exposed skin area = TBS*FBE) = 935 cm² SA = TBS * FBE
FC  (fraction of dermal exposure at site) = 100% conservatively assumed
PC (permeability constant) = varies chemical-specific (see text)

Inhalation of Volatiles from Surface Water:
EF (exposure frequency) = 34 days/yr based on the number of meals per year [c]
ET (exposure time) = 4 hrs/day professional judgement
IR (inhalation rate) = 1.0 m³/hr value for adults, light activity [a]
ABS (absorption factor) = 100% conservatively assumed

NOTES:
[a] USEPA, 1997. Exposure Factors Handbook.
[b] USEPA, 1989. Risk Assessment Guidance for Superfund, Volume 1: Human Health Evaluation Manual (Part A: Baseline Risk Assessment).
[c] Hutchison and Kraft, 1994



Table 5-19 Summary of Intake Parameter Values for Hunters--RME Assumptions

Assumptions Comments and References
General Assumptions:
BW (body weight) = 71.8 kg default body weight of an adult [a]
EF (exposure frequency) = varies see individual exposure pathways
ED (exposure duration) = 50 years adjusted value for population mobility (see text)
AT (averaging times)
     Carcinogenic Effects = 365*75 days value specified in [a]
     Noncarcinogenic Effects = 365*50 days based on exposure period [b]

Ingestion of Waterfowl:
EF (exposure frequency) = 12 meals/yr based on data from Amundson study [c]
IR (waterfowl ingestion rate) = 110 g/meal reasonable maximum meal size presented in [d]
RF (reduction factor) = 100% based on data from Amundson study [c]
ABS (absorption factor) = 100% conservatively assumed

Incidental Ingestion of Surface Water:
EF (exposure frequency) = 12 days/yr based on the number of meals per year [c]
IR ( incidental ingestion rate) = 20 mL/day professional judgement (1 mouthfull of water)
FI (fraction ingested) = 10% professional judgement (see text)
ABS (absorption factor) = 100% conservatively assumed

Dermal Contact with Surface Water:
EF (exposure frequency) = 12 days/yr based on the number of meals per year [c]
ET (exposure time) = 0.25 hr/day professional judgement
TBS (total body surface area) = 21,850 cm² average upper value for adults [a]
FBE (fraction of body exposed) = 5.15% corresponds to hands of adult [a]
SA (exposed skin area = TBS*FBE) = 1,125 cm² SA = TBS * FBE
FC  (fraction of dermal exposure at site) = 100% conservatively assumed
PC (permeability constant) = varies chemical-specific (see text)

Inhalation of Volatiles from Surface Water:
EF (exposure frequency) = 12 days/yr based on the number of meals per year [c]
ET (exposure time) = 8 hrs/day professional judgement
IR (inhalation rate) = 1.0 m³/hr value for adults, light activity [a]
ABS (absorption factor) = 100% conservatively assumed

NOTES:
[a] USEPA, 1997. Exposure Factors Handbook.
[b] USEPA, 1989. Risk Assessment Guidance for Superfund, Volume 1: Human Health Evaluation Manual (Part A: Baseline Risk Assessment).
[c] Amundson, 1984. Organochlorine pesticides and PCBs in edible tissues of giant Canada geese from the Chicago area.
[d] Pao et al., 1982



Table 5-20 Summary of Intake Parameter Values for Hunters--CTE Assumptions

Assumptions Comments and References
General Assumptions:
BW (body weight) = 71.8 kg default body weight of an adult [a]
EF (exposure frequency) = varies see individual exposure pathways
ED (exposure duration) = 30 years adjusted value for population mobility (see text)
AT (averaging times)
     Carcinogenic Effects = 365*75 days value specified in [a]
     Noncarcinogenic Effects = 365*30 days based on exposure period [b]

Ingestion of Waterfowl:
EF (exposure frequency) = 6 meals/yr based on data from Amundson study [c]
IR (waterfowl ingestion rate) = 110 g/meal reasonable maximum meal size presented in [d]
RF (reduction factor) = 100% based on data from Amundson study [c]
ABS (absorption factor) = 100% conservatively assumed

Incidental Ingestion of Surface Water:
EF (exposure frequency) = 6 days/yr based on the number of meals per year [c]
IR ( incidental ingestion rate) = 20 mL/day professional judgement (1 mouthfull of water)
FI (fraction ingested) = 10% professional judgement (see text)
ABS (absorption factor) = 100% conservatively assumed

Dermal Contact with Surface Water:
EF (exposure frequency) = 6 days/yr based on the number of meals per year [c]
ET (exposure time) = 0.25 hr/day professional judgement
TBS (total body surface area) = 18,150 cm² average mean value for adults [a]
FBE (fraction of body exposed) = 5.15% corresponds to hands of adult [a]
SA (exposed skin area = TBS*FBE) = 935 cm² SA = TBS * FBE
FC  (fraction of dermal exposure at site) = 100% conservatively assumed
PC (permeability constant) = varies chemical-specific (see text)

Inhalation of Volatiles from Surface Water:
EF (exposure frequency) = 6 days/yr based on the number of meals per year [c]
ET (exposure time) = 8 hrs/day professional judgement
IR (inhalation rate) = 1.0 m³/hr value for adults, light activity [a]
ABS (absorption factor) = 100% conservatively assumed

NOTES:
[a] USEPA, 1997. Exposure Factors Handbook.
[b] USEPA, 1989. Risk Assessment Guidance for Superfund, Volume 1: Human Health Evaluation Manual (Part A: Baseline Risk Assessment).
[c] Amundson, 1984. Organochlorine pesticides and PCBs in edible tissues of giant Canada geese from the Chicago area.
[d] Pao et al., 1982



Table 5-21 Summary of Intake Parameter Values for Drinking Water Users

Assumptions Comments and References
General Assumptions:
AT (averaging times)
     Carcinogenic Effects = 365*75 days value specified in [a]
     Noncarcinogenic Effects = 365*30 days based on exposure period [b]
EF (exposure frequency) = 350 days/year default for a residential receptor [b]

Young Child (1 to 6 years)
ED (exposure duration) =  6 years value for ages 1 through 6 [b]
BW (body weight) = 16.6 kg average body weight for boys and girls age 1-6 [a]
Ingestion of Water:
IR ( incidental ingestion rate) = 1.5 L/day upper-percentile for a child age 3-5 [a]
ABS (absorption factor) = 100% conservatively assumed
Dermal Contact with Water:
FBE (fraction of body exposed) = 100% whole body while bathing
TBS (total body surface area) = 8,105 cm² average value for a young child [a]
SA (exposed skin area = TBS*FBE) = 8,105 cm² SA = TBS * FBE
ET (exposure time) = 0.33 hr/day average time spent in bath [a]
FC  (fraction of dermal exposure from site) = 100% conservatively assumed
PC (permeability constant) = varies chemical-specific (see text)
Inhalation of Volatiles from Water:
IR (inhalation rate) = 1.0 m³/hr value for child engaged in light activities [a]
ET (exposure time) = 0.33 hr/day average time spent in bath [a]
ABS (absorption factor) = 100% conservatively assumed

Older Child to Adult (7 to 31 years)
ED (exposure duration) = 24 years value for ages 7 through 31 [b]
BW (body weight) = 71.8 kg default body weight of an adult [a]
Ingestion of Water:
IR ( incidental ingestion rate) = 2.3 L/day upper-percentile for an adult [a]
ABS (absorption factor) = 100% conservatively assumed
Dermal Contact with Water:
FBE (fraction of body exposed) = 100% whole body while bathing/showering
TBS (total body surface area) = 21,850 cm² average upper value for adults [a]
SA (exposed skin area = TBS*FBE) = 21,850 cm² SA = TBS * FBE
ET (exposure time) = 0.25 hr/day average time spent in bath/shower [a]
FC  (fraction of dermal exposure from site) = 100% conservatively assumed
PC (permeability constant) = varies chemical-specific (see text)
Inhalation of Volatiles from Water:
IR (inhalation rate) = 1.0 m³/hr value for adult engaged in light activities [a]
ET (exposure time) = 0.25 hr/day average time spent in bath/shower [a]
ABS (absorption factor) = 100% conservatively assumed

NOTES:
[a] USEPA, 1997. Exposure Factors Handbook.
[b] USEPA, 1989. Risk Assessment Guidance for Superfund, Volume 1: Human Health Evaluation Manual (Part A: Baseline Risk Assessment).



Table 5-22 Summary of Intake Parameter Values for Local Residents

Assumptions Comments and References
General Assumptions:
AT (averaging times)
     Carcinogenic Effects = 365*75 days value specified in [a]
     Noncarcinogenic Effects = 365*30 days based on exposure period [b]
EF (exposure frequency) = 350 days/year default for a residential receptor [b]

Young Child (1 to 6 years)
Inhalation of Volatiles from Surface Water:
ED (exposure duration) =  6 years value for ages 1 through 6 [b]
BW (body weight) = 16.6 kg average body weight for boys and girls age 1-6 [a]
IR (inhalation rate) = 0.42 m³/hr daily IR of 10 m3/day for child 6-8 yrs divided by ET
ET (exposure time) = 24 hrs/day total hours in a day
ABS (absorption factor) = 100% conservatively assumed

Older Child to Adult (7-31 years)
Inhalation of Volatiles from Surface Water:
ED (exposure duration) = 24 years value for ages 7 through 31 [b]
BW (body weight) = 71.8 kg default body weight of an adult [a]
IR (inhalation rate) = 0.55 m³/hr daily IR of 13.3 m3/day for adult divided by ET
ET (exposure time) = 24 hrs/day total hours in a day
ABS (absorption factor) = 100% conservatively assumed

NOTES:
[a] USEPA, 1997. Exposure Factors Handbook.
[b] USEPA, 1989. Risk Assessment Guidance for Superfund, Volume 1: Human Health Evaluation Manual (Part A: Baseline Risk Assessment).



Table 5-23 Summary of Intake Parameter Values for Swimmers

Assumptions Comments and References
General Assumptions:
BW (body weight) = 71.8 kg default body weight of an adult [a]
EF (exposure frequency) = 18 days/yr 1 time per week for 4 warmest months of the year
ED (exposure duration) = 30 years default exposure duration for a resident [a]
AT (averaging times)
     Carcinogenic Effects = 365*75 days value specified in [a]
     Noncarcinogenic Effects = 365*30 days based on exposure period [b]

Incidental Ingestion of Surface Water:
IR ( incidental ingestion rate) = 20 mL/day professional judgement (1 mouthfull of water)
FI (fraction ingested) = 100% conservatively assumed
ABS (absorption factor) = 100% conservatively assumed

Dermal Contact with Surface Water:
ET (exposure time) = 1 hour/day average time for swimming per event [a]
TBS (total body surface area) = 21,850 cm² average upper value for adults [a]
FBE (fraction of body exposed) = 100.0% entire body exposed while swimming
SA (exposed skin area = TBS*FBE) = 21,850 cm² SA = TBS * FBE
PC (permeability constant) = varies chemical-specific (see text)

Inhalation of Volatiles from Surface Water:
ET (exposure time) = 1 hour/day average time for swimming per event [a]
IR (inhalation rate) = 3.2 m³/hr value for adults, heavy activity [a]
ABS (absorption factor) = 100% conservatively assumed

Incidental Ingestion of Sediments:
IR ( incidental ingestion rate) = 5 mg/day one-tenth daily soil rate for an adult (see text)
FI (fraction ingested) = 100% conservatively assumed
ABS (absorption factor) = varies chemical-specific (see text)

Dermal Contact with Sediments:
FBE (fraction of body exposed) = 6.75% corresponds to feet of an adult [a]
SA (exposed skin area = TBS*FBE) = 1,475 cm² SA = TBS * FBE
AF (soil adherence factor) = 1.0 mg/cm² upper value for soil contact [c]
FC  (fraction of daily contact occurring at the site) = 5% professional judgement (see text)
ABS (skin absorption factor) = varies chemical-specific (see text)

Dermal Contact with Sediment Pore Water:
ET (exposure time) = 0.25 hour/day exposure might occur for 15 minutes
TBS (total body surface area) = 21,850 cm² average upper value for adults [a]
FBE (fraction of body exposed) = 6.75% corresponds to feet of an adult [a]
SA (exposed skin area = TBS*FBE) = 1,475 cm² SA = TBS * FBE
PC (permeability constant) = varies chemical-specific (see text)

NOTES:
[a] USEPA, 1997. Exposure Factors Handbook.
[b] USEPA, 1989. Risk Assessment Guidance for Superfund, Volume 1: Human Health Evaluation Manual (Part A: Baseline Risk Assessment).
[c] USEPA, 1992. Dermal Exposure Assessment: Principles and Applications.



Table 5-24 Summary of Intake Parameter Values for Waders

Assumptions Comments and References
General Assumptions:
BW (body weight) = 51 kg average body weight of an older child, age 9 to 18 [a]
EF (exposure frequency) = 18 days/yr 1 time per week for 4 warmest months of the year
ED (exposure duration) = 10 years duration of time from age 9 to age 18
AT (averaging times)
     Carcinogenic Effects = 365*75 days value specified in [a]
     Noncarcinogenic Effects = 365*10 days based on exposure period [b]

Incidental Ingestion of Surface Water:
IR ( incidental ingestion rate) = 20 mL/day professional judgement (1 mouthfull of water)
FI (fraction of time  ingestion occurs) = 10% professional judgement (see text)
ABS (absorption factor) = 100% conservatively assumed

Dermal Contact with Surface Water:
ET (exposure time) = 0.5 hour/day assumed time spent wading
TBS (total body surface area) = 14,400 cm² average 50th percentile value for children age 9 to 18 [a]
FBE (fraction of body exposed) = 22.9% feet and lower legs exposed while wading
SA (exposed skin area = TBS*FBE) = 3,298 cm² SA = TBS * FBE
PC (permeability constant) = varies chemical-specific (see text)

Inhalation of Volatiles from Surface Water:
ET (exposure time) = 0.5 hour/day assumed time spent wading
IR (inhalation rate) = 1.2 m³/hr value for children, moderate activity [a]
ABS (absorption factor) = 100% conservatively assumed

Incidental Ingestion of Sediments:
IR ( incidental ingestion rate) = 5 mg/day one-tenth daily soil rate for an older child (see text)
FI (fraction ingested) = 100% conservatively assumed
ABS (absorption factor) = 100% conservatively assumed

Dermal Contact with Sediments:
FBE (fraction of body exposed) = 7.37% corresponds to feet of an older child [a]
SA (exposed skin area = TBS*FBE) = 1,061 cm² SA = TBS * FBE
AF (soil adherence factor) = 1.0 mg/cm² upper value for soil contact [c]
FC  (fraction of daily contact occurring at the site) = 10% professional judgement (see text)
ABS (skin absorption factor) = varies chemical-specific (see text)

Dermal Contact with Sediment Pore Water:
ET (exposure time) = 0.5 hour/day exposure might occur for 30 minutes
TBS (total body surface area) = 14,400 cm² average 50th percentile value for children age 9 to 18 [a]
FBE (fraction of body exposed) = 7.37% corresponds to feet of an older child [a]
SA (exposed skin area = TBS*FBE) = 1,061 cm² SA = TBS * FBE
PC (permeability constant) = varies chemical-specific (see text)

NOTES:
[a] USEPA, 1997. Exposure Factors Handbook.
[b] USEPA, 1989. Risk Assessment Guidance for Superfund, Volume 1: Human Health Evaluation Manual (Part A: Baseline Risk Assessment).
[c] USEPA, 1992. Dermal Exposure Assessment: Principles and Applications.



Table 5-25 Summary of Intake Parameter Values for Marine Construction Workers

Assumptions Comments and References
General Assumptions:
BW (body weight) = 71.8 kg default body weight of an adult [a]
EF (exposure frequency) = 24 days/yr twice per month (professional judgement)
ED (exposure duration) = 25 years value specified for workers [b]
AT (averaging times)
     Carcinogenic Effects = 365*75 days value specified in [a]
     Noncarcinogenic Effects = 365*25 days based on exposure period [b]

Incidental Ingestion of Surface Water:
IR ( incidental ingestion rate) = 20 mL/day professional judgement (1 mouthfull of water)
FI (fraction ingested) = 100% conservatively assumed
ABS (absorption factor) = 100% conservatively assumed

Dermal Contact with Surface Water:
ET (exposure time) = 0.5 hrs/day exposure might occur for one-half hour during the workday
TBS (total body surface area) = 21,850 cm² average upper value for adults [a]
FBE (fraction of body exposed) = 11.6% corresponds to hands and forearms of adult [a]
SA (exposed skin area = TBS*FBE) = 2,535 cm² SA = TBS * FBE
PC (permeability constant) = varies chemical-specific (see text)

Inhalation of Volatiles from Surface Water:
ET (exposure time) = 8 hrs/day hours in a work day
IR (inhalation rate) = 1.5 m³/hr value for outdoor worker, moderate activity [a]
ABS (absorption factor) = 100% conservatively assumed

Incidental Ingestion of Sediments:
IR ( incidental ingestion rate) = 25 mg/day half the daily soil rate for an adult (see text)
FI (fraction ingested) = 100% conservatively assumed
ABS (absorption factor) = varies chemical-specific (see text)

Dermal Contact with Sediments:
FBE (fraction of body exposed) = 5.15% corresponds to hands of an adult [a]
SA (exposed skin area = TBS*FBE) = 1,125 cm² SA = TBS * FBE
AF (soil adherence factor) = 1.0 mg/cm² upper value for soil contact [c]
FC  (fraction of dermal exposure at site) = 100% conservatively assumed
ABS (skin absorption factor) = varies chemical-specific (see text)

NOTES:
[a] USEPA, 1997. Exposure Factors Handbook.
[b] USEPA, 1989. Risk Assessment Guidance for Superfund, Volume 1: Human Health Evaluation Manual (Part A: Baseline Risk Assessment).
[c] USEPA, 1992. Dermal Exposure Assessment: Principles and Applications.



Table 5-26     Upperbound Measured Concentrations for the Little Lake Butte des Morts Reach

Concentration Concentration Concentration Concentration
in in Total in Dissolved

Fish Waterfowl  Water Sediment
(mg/kg) (mg/kg) (mg/L) (mg/kg)

PCBs
Total PCBs 5.061 0.688 1.443E-005 5.527
Aroclor 1016 ND
Aroclor 1221 ND ND
Aroclor 1232 ND
Aroclor 1242 2.891 21.27
Aroclor 1248 ND 1.5
Aroclor 1254 0.154 3.11
Aroclor 1260 0.114 1.4
Total PCB Aroclors (less 1016/1254)
3,3',4,4'-Tetrachlorobiphenyl (PCB-77) 0.0031 2.389E-007 0.052
2,3,3',4,4'-Pentachlorobiphenyl (PCB-105) 0.013 0.0126
2,3,4,4',5-Pentachlorobiphenyl (PCB-114) 0.0106
2,3',4,4',5-Pentachlorobiphenyl (PCB-118) 0.052 8.482E-008 0.6205
2',3,4,4',5-Pentachlorobiphenyl (PCB-123) 0.0057 0.0012
3,3',4,4',5-Pentachlorobiphenyl (PCB-126) ND 0.00022
2,3,3',4,4',5-Hexachlorobiphenyl (PCB-156) 0.0029 0.0041
2,3,3',4,4',5'-Hexachlorobiphenyl (PCB-157) 0.00079 0.00084
2,3',4,4',5,5'-Hexachlorobiphenyl (PCB-167) 0.0014
3,3',4,4',5,5'-Hexachlorobiphenyl (PCB-169) ND ND
2,2',3,3',4,4',5-Heptachlorobiphenyl (PCB-170) 0.0034 0.0135
2,2',3,4,4',5,5'-Heptachlorobiphenyl (PCB-180) 0.023 3.315E-008 0.361
2,3,3',4,4',5,5'-Heptachlorobiphenyl (PCB-189) ND
Total PCB Congeners (less dioxin-like)
Chlorinated Dioxins
2,3,7,8-Tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD) ND 5.44E-006
1,2,3,7,8-Pentachlorodibenzo-p-dioxin (1,2,3,7,8-PCDD)
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin (1,2,3,4,7,8-HxCDD)
1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin (1,2,3,6,7,8-HxCDD)
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin (1,2,3,7,8,9-HxCDD)
1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin (1,2,3,4,6,7,8-HpCDD)
Octachlorodibenzo-p-dioxin (OCDD)
Chlorinated Furans
2,3,7,8-Tetrachlorodibenzofuran (2,3,7,8-TCDF) 0.0000018 7.129E-005
1,2,3,7,8-Pentachlorodibenzofuran (1,2,3,7,8-PCDF)
2,3,4,7,8-Pentachlorodibenzofuran (2,3,4,7,8-PCDF)
1,2,3,4,7,8-Hexachlorodibenzofuran (1,2,3,4,7,8-HxCDF)
1,2,3,6,7,8-Hexachlorodibenzofuran (1,2,3,6,7,8-HxCDF)
1,2,3,7,8,9-Hexachlorodibenzofuran (1,2,3,7,8,9-HxCDF)
2,3,4,6,7,8-Hexachlorodibenzofuran (2,3,4,6,7,8-HxCDF)
1,2,3,4,6,7,8-Heptachlorodibenzofuran (1,2,3,4,6,7,8-HpCDF)
1,2,3,4,7,8,9-Heptachlorodibenzofuran (1,2,3,4,7,8,9-HpCDF)
Octachlorodibenzofuran (OCDF)
Organochlorine Pesticides
Dieldrin ND 0.0149 0.0059
4,4'-DDD ND ND 0.00804
4,4'-DDE ND 0.68 ND
4,4'-DDT ND ND 0.0272
Inorganics
Arsenic ND ND 6.8
Lead ND ND 1.45 0.117 180.05
Mercury (total) 0.24 ND 7.14E-003 1.351
Mercury (inorganic)
Mercury (organic)



Table 5-27     Upperbound Measured Concentrations for the Appleton to Little Rapids Reach

Concentration Concentration Concentration Concentration Concentration
in in in Total in Dissolved in

Fish Waterfowl  Water  Water Sediment
Chemical of Potential Concern (mg/kg) (mg/kg) (mg/L) (mg/L) (mg/kg)

PCBs
Total PCBs 5.057 0.798 ND 1.637E-005 1.623
Aroclor 1016 ND ND ND
Aroclor 1221 ND ND ND
Aroclor 1232 ND ND ND
Aroclor 1242 0.776 ND 25.62
Aroclor 1248 ND ND ND
Aroclor 1254 3.2 ND 0.83
Aroclor 1260 ND ND 0.14
Total PCB Aroclors (less 1016/1254)
3,3',4,4'-Tetrachlorobiphenyl (PCB-77) 2.064E-007 0.29
2,3,3',4,4'-Pentachlorobiphenyl (PCB-105) 0.12
2,3,4,4',5-Pentachlorobiphenyl (PCB-114) ND
2,3',4,4',5-Pentachlorobiphenyl (PCB-118) 1.443E-007 0.193
2',3,4,4',5-Pentachlorobiphenyl (PCB-123) 0.00463
3,3',4,4',5-Pentachlorobiphenyl (PCB-126) 0.00083
2,3,3',4,4',5-Hexachlorobiphenyl (PCB-156) 0.021
2,3,3',4,4',5'-Hexachlorobiphenyl (PCB-157) ND
2,3',4,4',5,5'-Hexachlorobiphenyl (PCB-167) 0.0085
3,3',4,4',5,5'-Hexachlorobiphenyl (PCB-169) ND
2,2',3,3',4,4',5-Heptachlorobiphenyl (PCB-170) 0.024
2,2',3,4,4',5,5'-Heptachlorobiphenyl (PCB-180) 3.555E-008 0.0339
2,3,3',4,4',5,5'-Heptachlorobiphenyl (PCB-189) ND
Total PCB Congeners (less dioxin-like)
Chlorinated Dioxins
2,3,7,8-Tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD) 1.67E-005
1,2,3,7,8-Pentachlorodibenzo-p-dioxin (1,2,3,7,8-PCDD)
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin (1,2,3,4,7,8-HxCDD)
1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin (1,2,3,6,7,8-HxCDD)
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin (1,2,3,7,8,9-HxCDD)
1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin (1,2,3,4,6,7,8-HpCDD)
Octachlorodibenzo-p-dioxin (OCDD)
Chlorinated Furans
2,3,7,8-Tetrachlorodibenzofuran (2,3,7,8-TCDF) ND 3.330E-004
1,2,3,7,8-Pentachlorodibenzofuran (1,2,3,7,8-PCDF)
2,3,4,7,8-Pentachlorodibenzofuran (2,3,4,7,8-PCDF)
1,2,3,4,7,8-Hexachlorodibenzofuran (1,2,3,4,7,8-HxCDF)
1,2,3,6,7,8-Hexachlorodibenzofuran (1,2,3,6,7,8-HxCDF)
1,2,3,7,8,9-Hexachlorodibenzofuran (1,2,3,7,8,9-HxCDF)
2,3,4,6,7,8-Hexachlorodibenzofuran (2,3,4,6,7,8-HxCDF)
1,2,3,4,6,7,8-Heptachlorodibenzofuran (1,2,3,4,6,7,8-HpCDF)
1,2,3,4,7,8,9-Heptachlorodibenzofuran (1,2,3,4,7,8,9-HpCDF)
Octachlorodibenzofuran (OCDF)
Organochlorine Pesticides
Dieldrin ND ND ND
4,4'-DDD ND ND 0.115
4,4'-DDE 0.121 ND ND
4,4'-DDT ND ND 0.36
Inorganics
Arsenic ND 9.7
Lead 1.8 280
Mercury (total) 0.6 0.13 4.7E-005 4.74
Mercury (inorganic)
Mercury (organic)



Table 5-28     Upperbound Measured Concentrations for the Little Rapids to DePere Reach

Concentration Concentration Concentration Concentration Concentration
in in in Total in Dissolved in

Fish Waterfowl  Water  Water Sediment
Chemical of Potential Concern (mg/kg) (mg/kg) (mg/L) (mg/L) (mg/kg)

PCBs
Total PCBs 0.71 1.7 1.255E-005 3.607
Aroclor 1016 ND
Aroclor 1221 ND ND
Aroclor 1232 ND
Aroclor 1242 0.352 12.38
Aroclor 1248 ND ND
Aroclor 1254 0.276 0.703
Aroclor 1260 0.128 0.174
Total PCB Aroclors (less 1016/1254)
3,3',4,4'-Tetrachlorobiphenyl (PCB-77) 1.617E-007 0.0891
2,3,3',4,4'-Pentachlorobiphenyl (PCB-105) 0.0442
2,3,4,4',5-Pentachlorobiphenyl (PCB-114) 0.0165
2,3',4,4',5-Pentachlorobiphenyl (PCB-118) 6.995E-008 0.0756
2',3,4,4',5-Pentachlorobiphenyl (PCB-123) 0.0059
3,3',4,4',5-Pentachlorobiphenyl (PCB-126) 0.00079
2,3,3',4,4',5-Hexachlorobiphenyl (PCB-156) 0.007
2,3,3',4,4',5'-Hexachlorobiphenyl (PCB-157) 0.0016
2,3',4,4',5,5'-Hexachlorobiphenyl (PCB-167) 0.0029
3,3',4,4',5,5'-Hexachlorobiphenyl (PCB-169) ND
2,2',3,3',4,4',5-Heptachlorobiphenyl (PCB-170) 0.0248
2,2',3,4,4',5,5'-Heptachlorobiphenyl (PCB-180) 4.728E-008 0.0284
2,3,3',4,4',5,5'-Heptachlorobiphenyl (PCB-189) 0.00074
Total PCB Congeners (less dioxin-like)
Chlorinated Dioxins
2,3,7,8-Tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD) 6.820E-006
1,2,3,7,8-Pentachlorodibenzo-p-dioxin (1,2,3,7,8-PCDD)
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin (1,2,3,4,7,8-HxCDD)
1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin (1,2,3,6,7,8-HxCDD)
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin (1,2,3,7,8,9-HxCDD)
1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin (1,2,3,4,6,7,8-HpCDD)
Octachlorodibenzo-p-dioxin (OCDD)
Chlorinated Furans
2,3,7,8-Tetrachlorodibenzofuran (2,3,7,8-TCDF) 1.171E-004
1,2,3,7,8-Pentachlorodibenzofuran (1,2,3,7,8-PCDF)
2,3,4,7,8-Pentachlorodibenzofuran (2,3,4,7,8-PCDF)
1,2,3,4,7,8-Hexachlorodibenzofuran (1,2,3,4,7,8-HxCDF)
1,2,3,6,7,8-Hexachlorodibenzofuran (1,2,3,6,7,8-HxCDF)
1,2,3,7,8,9-Hexachlorodibenzofuran (1,2,3,7,8,9-HxCDF)
2,3,4,6,7,8-Hexachlorodibenzofuran (2,3,4,6,7,8-HxCDF)
1,2,3,4,6,7,8-Heptachlorodibenzofuran (1,2,3,4,6,7,8-HpCDF)
1,2,3,4,7,8,9-Heptachlorodibenzofuran (1,2,3,4,7,8,9-HpCDF)
Octachlorodibenzofuran (OCDF)
Organochlorine Pesticides
Dieldrin ND
4,4'-DDD 0.00275
4,4'-DDE 0.0213
4,4'-DDT 0.0156
Inorganics
Arsenic 7.6
Lead 0.707 0.124 742.6
Mercury (total) 0.252 7.12E-003 2.52E-003 9.82
Mercury (inorganic)
Mercury (organic)



Table 5-29     Upperbound Measured Concentrations for the DePere to Green Bay Reach

Concentration Concentration Concentration Concentration Concentration
in in in Total in Dissolved in

Fish Waterfowl  Water  Water Sediment
Chemical of Potential Concern (mg/kg) (mg/kg) (mg/L) (mg/L) (mg/kg)

PCBs
Total PCBs 2.589 0.8 2.409E-005 3.235
Aroclor 1016 ND ND ND
Aroclor 1221 ND ND ND
Aroclor 1232 ND ND ND
Aroclor 1242 1.009 ND 5.422
Aroclor 1248 ND ND ND
Aroclor 1254 0.723 ND 0.665
Aroclor 1260 0.254 ND ND
Total PCB Aroclors (less 1016/1254)
3,3',4,4'-Tetrachlorobiphenyl (PCB-77) 0.08481 1.746E-007 0.0435
2,3,3',4,4'-Pentachlorobiphenyl (PCB-105) 1.012E-007 0.0165
2,3,4,4',5-Pentachlorobiphenyl (PCB-114) 2.169E-008 0.0068
2,3',4,4',5-Pentachlorobiphenyl (PCB-118) 5.391E-008 0.03697
2',3,4,4',5-Pentachlorobiphenyl (PCB-123) 3.756E-008 0.00175
3,3',4,4',5-Pentachlorobiphenyl (PCB-126) 0.00027
2,3,3',4,4',5-Hexachlorobiphenyl (PCB-156) 7.187E-009 0.0029
2,3,3',4,4',5'-Hexachlorobiphenyl (PCB-157) 1.2E-009 ND
2,3',4,4',5,5'-Hexachlorobiphenyl (PCB-167) 3.035E-009 0.00091
3,3',4,4',5,5'-Hexachlorobiphenyl (PCB-169) 0.0006 ND
2,2',3,3',4,4',5-Heptachlorobiphenyl (PCB-170) 0.0175 2.592E-008 0.0091
2,2',3,4,4',5,5'-Heptachlorobiphenyl (PCB-180) 0.0264 3.397E-008 0.0175
2,3,3',4,4',5,5'-Heptachlorobiphenyl (PCB-189) 1.444E-009 0.00026
Total PCB Congeners (less dioxin-like)
Chlorinated Dioxins
2,3,7,8-Tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD) 0.0000016 ND
1,2,3,7,8-Pentachlorodibenzo-p-dioxin (1,2,3,7,8-PCDD)
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin (1,2,3,4,7,8-HxCDD)
1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin (1,2,3,6,7,8-HxCDD)
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin (1,2,3,7,8,9-HxCDD)
1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin (1,2,3,4,6,7,8-HpCDD)
Octachlorodibenzo-p-dioxin (OCDD)
Chlorinated Furans
2,3,7,8-Tetrachlorodibenzofuran (2,3,7,8-TCDF) 0.0000025 ND
1,2,3,7,8-Pentachlorodibenzofuran (1,2,3,7,8-PCDF)
2,3,4,7,8-Pentachlorodibenzofuran (2,3,4,7,8-PCDF)
1,2,3,4,7,8-Hexachlorodibenzofuran (1,2,3,4,7,8-HxCDF)
1,2,3,6,7,8-Hexachlorodibenzofuran (1,2,3,6,7,8-HxCDF)
1,2,3,7,8,9-Hexachlorodibenzofuran (1,2,3,7,8,9-HxCDF)
2,3,4,6,7,8-Hexachlorodibenzofuran (2,3,4,6,7,8-HxCDF)
1,2,3,4,6,7,8-Heptachlorodibenzofuran (1,2,3,4,6,7,8-HpCDF)
1,2,3,4,7,8,9-Heptachlorodibenzofuran (1,2,3,4,7,8,9-HpCDF)
Octachlorodibenzofuran (OCDF)
Organochlorine Pesticides
Dieldrin ND ND ND ND
4,4'-DDD 0.18 ND ND 6.501E-008 0.0045
4,4'-DDE 0.31 0.0932 ND 4.522E-008 0.0019
4,4'-DDT ND ND ND ND
Inorganics
Arsenic ND ND 1.5E-003 19.72
Lead ND ND 4.093 101.76
Mercury (total) 0.322 0.05 8.00E-006 1.68E-006 2.271
Mercury (inorganic)
Mercury (organic)



Table 5-30     Upperbound Measured Concentrations for Green Bay

Concentration Concentration Concentration Concentration Concentration
in in in Total in Dissolved in

Fish Waterfowl  Water  Water Sediment
Chemical of Potential Concern (mg/kg) (mg/kg) (mg/L) (mg/L) (mg/kg)

PCBs
Total PCBs 5.783 0.754 5.629E-006 0.701
Aroclor 1016
Aroclor 1221
Aroclor 1232
Aroclor 1242 5.5
Aroclor 1248 1.873
Aroclor 1254 0.973
Aroclor 1260 2.264
Total PCB Aroclors (less 1016/1254)
3,3',4,4'-Tetrachlorobiphenyl (PCB-77) 8.198E-008 0.0265
2,3,3',4,4'-Pentachlorobiphenyl (PCB-105) 5.589E-008 0.0235
2,3,4,4',5-Pentachlorobiphenyl (PCB-114) 1.174E-008 0.00156
2,3',4,4',5-Pentachlorobiphenyl (PCB-118) 2.539E-008 0.0254
2',3,4,4',5-Pentachlorobiphenyl (PCB-123)
3,3',4,4',5-Pentachlorobiphenyl (PCB-126)
2,3,3',4,4',5-Hexachlorobiphenyl (PCB-156) 4.723E-009 0.00122
2,3,3',4,4',5'-Hexachlorobiphenyl (PCB-157) 1.314E-009 0.00116
2,3',4,4',5,5'-Hexachlorobiphenyl (PCB-167) 4.505E-009 0.00331
3,3',4,4',5,5'-Hexachlorobiphenyl (PCB-169)
2,2',3,3',4,4',5-Heptachlorobiphenyl (PCB-170) 4.103E-008 0.0189
2,2',3,4,4',5,5'-Heptachlorobiphenyl (PCB-180) 2.374E-008 0.00522
2,3,3',4,4',5,5'-Heptachlorobiphenyl (PCB-189) 7.97E-010 0.000561
Total PCB Congeners (less dioxin-like)
Chlorinated Dioxins
2,3,7,8-Tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD) 0.0000038
1,2,3,7,8-Pentachlorodibenzo-p-dioxin (1,2,3,7,8-PCDD)
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin (1,2,3,4,7,8-HxCDD)
1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin (1,2,3,6,7,8-HxCDD)
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin (1,2,3,7,8,9-HxCDD)
1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin (1,2,3,4,6,7,8-HpCDD)
Octachlorodibenzo-p-dioxin (OCDD)
Chlorinated Furans
2,3,7,8-Tetrachlorodibenzofuran (2,3,7,8-TCDF) 5.500E-005
1,2,3,7,8-Pentachlorodibenzofuran (1,2,3,7,8-PCDF)
2,3,4,7,8-Pentachlorodibenzofuran (2,3,4,7,8-PCDF)
1,2,3,4,7,8-Hexachlorodibenzofuran (1,2,3,4,7,8-HxCDF)
1,2,3,6,7,8-Hexachlorodibenzofuran (1,2,3,6,7,8-HxCDF)
1,2,3,7,8,9-Hexachlorodibenzofuran (1,2,3,7,8,9-HxCDF)
2,3,4,6,7,8-Hexachlorodibenzofuran (2,3,4,6,7,8-HxCDF)
1,2,3,4,6,7,8-Heptachlorodibenzofuran (1,2,3,4,6,7,8-HpCDF)
1,2,3,4,7,8,9-Heptachlorodibenzofuran (1,2,3,4,7,8,9-HpCDF)
Octachlorodibenzofuran (OCDF)
Organochlorine Pesticides
Dieldrin 0.19 0.08
4,4'-DDD 0.0314 0.00911
4,4'-DDE 0.242 0.92
4,4'-DDT 0.0347 ND
Inorganics
Arsenic ND
Lead ND 0.264 0.0442
Mercury (total) 0.31 0.33 5.00E-003 2.33E-003
Mercury (inorganic)
Mercury (organic)



Table 5-31     Average Measured Concentrations for the Little Lake Butte des Morts Reach

Concentration Concentration Concentration Concentration Concentration
in in in Total in Dissolved in

Fish Waterfowl  Water  Water Sediment
Chemical of Potential Concern (mg/kg) (mg/kg) (mg/L) (mg/L) (mg/kg)

PCBs
Total PCBs 3.552 0.3936 9.198E-006 5.457
Aroclor 1016 ND
Aroclor 1221 ND ND
Aroclor 1232 ND
Aroclor 1242 0.764 10.24
Aroclor 1248 ND 0.7268
Aroclor 1254 0.122 1.973
Aroclor 1260 0.0725 0.7074
Total PCB Aroclors (less 1016/1254)
3,3',4,4'-Tetrachlorobiphenyl (PCB-77) 0.00146 1.982E-007 0.01618
2,3,3',4,4'-Pentachlorobiphenyl (PCB-105) 0.0061 0.006675
2,3,4,4',5-Pentachlorobiphenyl (PCB-114) 0.0044
2,3',4,4',5-Pentachlorobiphenyl (PCB-118) 0.0235 7.464E-008 0.1992
2',3,4,4',5-Pentachlorobiphenyl (PCB-123) 0.00252 0.0012
3,3',4,4',5-Pentachlorobiphenyl (PCB-126) ND 0.00022
2,3,3',4,4',5-Hexachlorobiphenyl (PCB-156) 0.00143 0.00314
2,3,3',4,4',5'-Hexachlorobiphenyl (PCB-157) 0.00397 0.00084
2,3',4,4',5,5'-Hexachlorobiphenyl (PCB-167) 0.0014
3,3',4,4',5,5'-Hexachlorobiphenyl (PCB-169) ND ND
2,2',3,3',4,4',5-Heptachlorobiphenyl (PCB-170) 0.0034 0.004975
2,2',3,4,4',5,5'-Heptachlorobiphenyl (PCB-180) 0.0103 2.808E-008 0.08573
2,3,3',4,4',5,5'-Heptachlorobiphenyl (PCB-189) ND
Total PCB Congeners (less dioxin-like)
Chlorinated Dioxins
2,3,7,8-Tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD) ND 2.46E-006
1,2,3,7,8-Pentachlorodibenzo-p-dioxin (1,2,3,7,8-PCDD)
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin (1,2,3,4,7,8-HxCDD)
1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin (1,2,3,6,7,8-HxCDD)
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin (1,2,3,7,8,9-HxCDD)
1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin (1,2,3,4,6,7,8-HpCDD)
Octachlorodibenzo-p-dioxin (OCDD)
Chlorinated Furans
2,3,7,8-Tetrachlorodibenzofuran (2,3,7,8-TCDF) 0.0000018 6.400E-005
1,2,3,7,8-Pentachlorodibenzofuran (1,2,3,7,8-PCDF)
2,3,4,7,8-Pentachlorodibenzofuran (2,3,4,7,8-PCDF)
1,2,3,4,7,8-Hexachlorodibenzofuran (1,2,3,4,7,8-HxCDF)
1,2,3,6,7,8-Hexachlorodibenzofuran (1,2,3,6,7,8-HxCDF)
1,2,3,7,8,9-Hexachlorodibenzofuran (1,2,3,7,8,9-HxCDF)
2,3,4,6,7,8-Hexachlorodibenzofuran (2,3,4,6,7,8-HxCDF)
1,2,3,4,6,7,8-Heptachlorodibenzofuran (1,2,3,4,6,7,8-HpCDF)
1,2,3,4,7,8,9-Heptachlorodibenzofuran (1,2,3,4,7,8,9-HpCDF)
Octachlorodibenzofuran (OCDF)
Organochlorine Pesticides
Dieldrin ND 0.01125 0.0059
4,4'-DDD ND ND 0.003025
4,4'-DDE ND 0.159 ND
4,4'-DDT ND ND 0.0102
Inorganics
Arsenic ND ND 4.837
Lead ND ND 1.45 0.117 120.5
Mercury (total) 0.108 ND 3.315E-003 0.976
Mercury (inorganic)
Mercury (organic)



Table 5-32     Average Measured Concentrations for the Appleton to Little Rapids Reach

Concentration Concentration Concentration Concentration Concentration
in in in Total in Dissolved in

Fish Waterfowl  Water  Water Sediment
Chemical of Potential Concern (mg/kg) (mg/kg) (mg/L) (mg/L) (mg/kg)

PCBs
Total PCBs 3.975 0.541 ND 8.973E-006 1.57
Aroclor 1016 ND ND ND
Aroclor 1221 ND ND ND
Aroclor 1232 ND ND ND
Aroclor 1242 0.523 ND 12.93
Aroclor 1248 ND ND ND
Aroclor 1254 0.798 ND 0.7475
Aroclor 1260 ND ND 0.14
Total PCB Aroclors (less 1016/1254)
3,3',4,4'-Tetrachlorobiphenyl (PCB-77) 1.848E-007 0.0528
2,3,3',4,4'-Pentachlorobiphenyl (PCB-105) 0.0312
2,3,4,4',5-Pentachlorobiphenyl (PCB-114) ND
2,3',4,4',5-Pentachlorobiphenyl (PCB-118) 1.090E-007 0.0482
2',3,4,4',5-Pentachlorobiphenyl (PCB-123) 0.0027
3,3',4,4',5-Pentachlorobiphenyl (PCB-126) 0.0005665
2,3,3',4,4',5-Hexachlorobiphenyl (PCB-156) 0.004819
2,3,3',4,4',5'-Hexachlorobiphenyl (PCB-157) ND
2,3',4,4',5,5'-Hexachlorobiphenyl (PCB-167) 0.0021
3,3',4,4',5,5'-Hexachlorobiphenyl (PCB-169) ND
2,2',3,3',4,4',5-Heptachlorobiphenyl (PCB-170) 0.00591
2,2',3,4,4',5,5'-Heptachlorobiphenyl (PCB-180) 2.944E-008 0.0116
2,3,3',4,4',5,5'-Heptachlorobiphenyl (PCB-189) ND
Total PCB Congeners (less dioxin-like)
Chlorinated Dioxins
2,3,7,8-Tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD) 5.787E-006
1,2,3,7,8-Pentachlorodibenzo-p-dioxin (1,2,3,7,8-PCDD)
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin (1,2,3,4,7,8-HxCDD)
1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin (1,2,3,6,7,8-HxCDD)
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin (1,2,3,7,8,9-HxCDD)
1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin (1,2,3,4,6,7,8-HpCDD)
Octachlorodibenzo-p-dioxin (OCDD)
Chlorinated Furans
2,3,7,8-Tetrachlorodibenzofuran (2,3,7,8-TCDF) ND 1.172E-004
1,2,3,7,8-Pentachlorodibenzofuran (1,2,3,7,8-PCDF)
2,3,4,7,8-Pentachlorodibenzofuran (2,3,4,7,8-PCDF)
1,2,3,4,7,8-Hexachlorodibenzofuran (1,2,3,4,7,8-HxCDF)
1,2,3,6,7,8-Hexachlorodibenzofuran (1,2,3,6,7,8-HxCDF)
1,2,3,7,8,9-Hexachlorodibenzofuran (1,2,3,7,8,9-HxCDF)
2,3,4,6,7,8-Hexachlorodibenzofuran (2,3,4,6,7,8-HxCDF)
1,2,3,4,6,7,8-Heptachlorodibenzofuran (1,2,3,4,6,7,8-HpCDF)
1,2,3,4,7,8,9-Heptachlorodibenzofuran (1,2,3,4,7,8,9-HpCDF)
Octachlorodibenzofuran (OCDF)
Organochlorine Pesticides
Dieldrin ND ND ND
4,4'-DDD ND ND 0.0148
4,4'-DDE 0.0807 ND ND
4,4'-DDT ND ND 0.04403
Inorganics
Arsenic ND 4.931
Lead 1.397 77.76
Mercury (total) 0.327 0.0294 4.7E-005 1.715
Mercury (inorganic)
Mercury (organic)



Table 5-33     Average Measured Concentrations for the Little Rapids to DePere Reach

Concentration Concentration Concentration Concentration Concentration
in in in Total in Dissolved in

Fish Waterfowl  Water  Water Sediment
Chemical of Potential Concern (mg/kg) (mg/kg) (mg/L) (mg/L) (mg/kg)

PCBs
Total PCBs 0.573 0.4514 1.11E-005 3.565
Aroclor 1016 ND
Aroclor 1221 ND ND
Aroclor 1232 ND
Aroclor 1242 0.228 4.496
Aroclor 1248 ND ND
Aroclor 1254 0.169 0.295
Aroclor 1260 0.0909 0.1119
Total PCB Aroclors (less 1016/1254)
3,3',4,4'-Tetrachlorobiphenyl (PCB-77) 1.469E-007 0.01819
2,3,3',4,4'-Pentachlorobiphenyl (PCB-105) 0.0141
2,3,4,4',5-Pentachlorobiphenyl (PCB-114) 0.00433
2,3',4,4',5-Pentachlorobiphenyl (PCB-118) 5.539E-008 0.03876
2',3,4,4',5-Pentachlorobiphenyl (PCB-123) 0.0059
3,3',4,4',5-Pentachlorobiphenyl (PCB-126) 0.00079
2,3,3',4,4',5-Hexachlorobiphenyl (PCB-156) 0.00361
2,3,3',4,4',5'-Hexachlorobiphenyl (PCB-157) 0.0016
2,3',4,4',5,5'-Hexachlorobiphenyl (PCB-167) 0.002367
3,3',4,4',5,5'-Hexachlorobiphenyl (PCB-169) ND
2,2',3,3',4,4',5-Heptachlorobiphenyl (PCB-170) 0.00723
2,2',3,4,4',5,5'-Heptachlorobiphenyl (PCB-180) 3.019E-008 0.01513
2,3,3',4,4',5,5'-Heptachlorobiphenyl (PCB-189) 0.00074
Total PCB Congeners (less dioxin-like)
Chlorinated Dioxins
2,3,7,8-Tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD) 5.260E-006
1,2,3,7,8-Pentachlorodibenzo-p-dioxin (1,2,3,7,8-PCDD)
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin (1,2,3,4,7,8-HxCDD)
1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin (1,2,3,6,7,8-HxCDD)
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin (1,2,3,7,8,9-HxCDD)
1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin (1,2,3,4,6,7,8-HpCDD)
Octachlorodibenzo-p-dioxin (OCDD)
Chlorinated Furans
2,3,7,8-Tetrachlorodibenzofuran (2,3,7,8-TCDF) 8.140E-005
1,2,3,7,8-Pentachlorodibenzofuran (1,2,3,7,8-PCDF)
2,3,4,7,8-Pentachlorodibenzofuran (2,3,4,7,8-PCDF)
1,2,3,4,7,8-Hexachlorodibenzofuran (1,2,3,4,7,8-HxCDF)
1,2,3,6,7,8-Hexachlorodibenzofuran (1,2,3,6,7,8-HxCDF)
1,2,3,7,8,9-Hexachlorodibenzofuran (1,2,3,7,8,9-HxCDF)
2,3,4,6,7,8-Hexachlorodibenzofuran (2,3,4,6,7,8-HxCDF)
1,2,3,4,6,7,8-Heptachlorodibenzofuran (1,2,3,4,6,7,8-HpCDF)
1,2,3,4,7,8,9-Heptachlorodibenzofuran (1,2,3,4,7,8,9-HpCDF)
Octachlorodibenzofuran (OCDF)
Organochlorine Pesticides
Dieldrin ND
4,4'-DDD 0.00194
4,4'-DDE 0.00613
4,4'-DDT 0.01027
Inorganics
Arsenic 5.0117
Lead 0.6165 0.121 209.5
Mercury (total) 0.206 5.805E-003 1.89E-003 3.633
Mercury (inorganic)
Mercury (organic)



Table 5-34     Average Measured Concentrations for the DePere to Green Bay Reach

Concentration Concentration Concentration Concentration Concentration
in in in Total in Dissolved in

Fish Waterfowl  Water  Water Sediment
Chemical of Potential Concern (mg/kg) (mg/kg) (mg/L) (mg/L) (mg/kg)

PCBs
Total PCBs 2.25 0.2337 2.161E-005 3.211
Aroclor 1016 ND ND ND
Aroclor 1221 ND ND ND
Aroclor 1232 ND ND ND
Aroclor 1242 0.718 ND 4.036
Aroclor 1248 ND ND ND
Aroclor 1254 0.596 ND 0.3097
Aroclor 1260 0.208 ND ND
Total PCB Aroclors (less 1016/1254)
3,3',4,4'-Tetrachlorobiphenyl (PCB-77) 0.0595 1.602E-007 0.0282
2,3,3',4,4'-Pentachlorobiphenyl (PCB-105) 9.470E-008 0.0119
2,3,4,4',5-Pentachlorobiphenyl (PCB-114) 1.597E-008 0.00421
2,3',4,4',5-Pentachlorobiphenyl (PCB-118) 4.957E-008 0.0271
2',3,4,4',5-Pentachlorobiphenyl (PCB-123) 3.191E-008 0.000925
3,3',4,4',5-Pentachlorobiphenyl (PCB-126) 0.000575
2,3,3',4,4',5-Hexachlorobiphenyl (PCB-156) 6.09E-009 0.002308
2,3,3',4,4',5'-Hexachlorobiphenyl (PCB-157) 8.179E-010 ND
2,3',4,4',5,5'-Hexachlorobiphenyl (PCB-167) 2.109E-009 0.00091
3,3',4,4',5,5'-Hexachlorobiphenyl (PCB-169) 0.00048 ND
2,2',3,3',4,4',5-Heptachlorobiphenyl (PCB-170) 0.0104 1.408E-008 0.00368
2,2',3,4,4',5,5'-Heptachlorobiphenyl (PCB-180) 0.0166 1.726E-008 0.00807
2,3,3',4,4',5,5'-Heptachlorobiphenyl (PCB-189) 8.308E-010 0.00026
Total PCB Congeners (less dioxin-like)
Chlorinated Dioxins
2,3,7,8-Tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD) 0.0000016 ND
1,2,3,7,8-Pentachlorodibenzo-p-dioxin (1,2,3,7,8-PCDD)
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin (1,2,3,4,7,8-HxCDD)
1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin (1,2,3,6,7,8-HxCDD)
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin (1,2,3,7,8,9-HxCDD)
1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin (1,2,3,4,6,7,8-HpCDD)
Octachlorodibenzo-p-dioxin (OCDD)
Chlorinated Furans
2,3,7,8-Tetrachlorodibenzofuran (2,3,7,8-TCDF) 1.767E-006 ND
1,2,3,7,8-Pentachlorodibenzofuran (1,2,3,7,8-PCDF)
2,3,4,7,8-Pentachlorodibenzofuran (2,3,4,7,8-PCDF)
1,2,3,4,7,8-Hexachlorodibenzofuran (1,2,3,4,7,8-HxCDF)
1,2,3,6,7,8-Hexachlorodibenzofuran (1,2,3,6,7,8-HxCDF)
1,2,3,7,8,9-Hexachlorodibenzofuran (1,2,3,7,8,9-HxCDF)
2,3,4,6,7,8-Hexachlorodibenzofuran (2,3,4,6,7,8-HxCDF)
1,2,3,4,6,7,8-Heptachlorodibenzofuran (1,2,3,4,6,7,8-HpCDF)
1,2,3,4,7,8,9-Heptachlorodibenzofuran (1,2,3,4,7,8,9-HpCDF)
Octachlorodibenzofuran (OCDF)
Organochlorine Pesticides
Dieldrin ND ND ND ND
4,4'-DDD 0.0592 ND ND 5.55E-008 0.00231
4,4'-DDE 0.135 0.041 ND 4.088E-008 0.0019
4,4'-DDT ND ND ND ND
Inorganics
Arsenic ND ND 1.5E-003 11.46
Lead ND ND 2.658 80.51
Mercury (total) 0.2405 0.05 8.00E-006 1.451E-006 1.095
Mercury (inorganic)
Mercury (organic)



Table 5-35     Average Measured Concentrations for Green Bay

Concentration Concentration Concentration Concentration Concentration
in in in Total in Dissolved in

Fish Waterfowl  Water  Water Sediment
Chemical of Potential Concern (mg/kg) (mg/kg) (mg/L) (mg/L) (mg/kg)

PCBs
Total PCBs 3.664 0.424 4.824E-006 0.607
Aroclor 1016
Aroclor 1221
Aroclor 1232
Aroclor 1242 4.4
Aroclor 1248 1.3
Aroclor 1254 0.746
Aroclor 1260 1.0925
Total PCB Aroclors (less 1016/1254)
3,3',4,4'-Tetrachlorobiphenyl (PCB-77) 7.352E-008 0.0197
2,3,3',4,4'-Pentachlorobiphenyl (PCB-105) 4.814E-008 0.0207
2,3,4,4',5-Pentachlorobiphenyl (PCB-114) 6.755E-009 0.0003349
2,3',4,4',5-Pentachlorobiphenyl (PCB-118) 2.245E-008 0.0139
2',3,4,4',5-Pentachlorobiphenyl (PCB-123)
3,3',4,4',5-Pentachlorobiphenyl (PCB-126)
2,3,3',4,4',5-Hexachlorobiphenyl (PCB-156) 3.618E-009 0.000779
2,3,3',4,4',5'-Hexachlorobiphenyl (PCB-157) 9.637E-010 0.000833
2,3',4,4',5,5'-Hexachlorobiphenyl (PCB-167) 1.89E-009 0.000592
3,3',4,4',5,5'-Hexachlorobiphenyl (PCB-169)
2,2',3,3',4,4',5-Heptachlorobiphenyl (PCB-170) 1.059E-008 0.00356
2,2',3,4,4',5,5'-Heptachlorobiphenyl (PCB-180) 1.442E-008 0.00348
2,3,3',4,4',5,5'-Heptachlorobiphenyl (PCB-189) 5.347E-010 0.000144
Total PCB Congeners (less dioxin-like)
Chlorinated Dioxins
2,3,7,8-Tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD) 0.0000032
1,2,3,7,8-Pentachlorodibenzo-p-dioxin (1,2,3,7,8-PCDD)
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin (1,2,3,4,7,8-HxCDD)
1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin (1,2,3,6,7,8-HxCDD)
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin (1,2,3,7,8,9-HxCDD)
1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin (1,2,3,4,6,7,8-HpCDD)
Octachlorodibenzo-p-dioxin (OCDD)
Chlorinated Furans
2,3,7,8-Tetrachlorodibenzofuran (2,3,7,8-TCDF) 5.500E-005
1,2,3,7,8-Pentachlorodibenzofuran (1,2,3,7,8-PCDF)
2,3,4,7,8-Pentachlorodibenzofuran (2,3,4,7,8-PCDF)
1,2,3,4,7,8-Hexachlorodibenzofuran (1,2,3,4,7,8-HxCDF)
1,2,3,6,7,8-Hexachlorodibenzofuran (1,2,3,6,7,8-HxCDF)
1,2,3,7,8,9-Hexachlorodibenzofuran (1,2,3,7,8,9-HxCDF)
2,3,4,6,7,8-Hexachlorodibenzofuran (2,3,4,6,7,8-HxCDF)
1,2,3,4,6,7,8-Heptachlorodibenzofuran (1,2,3,4,6,7,8-HpCDF)
1,2,3,4,7,8,9-Heptachlorodibenzofuran (1,2,3,4,7,8,9-HpCDF)
Octachlorodibenzofuran (OCDF)
Organochlorine Pesticides
Dieldrin 0.0914 0.03
4,4'-DDD 0.0279 0.00759
4,4'-DDE 0.203 0.1625
4,4'-DDT 0.0276 ND
Inorganics
Arsenic ND
Lead ND 0.169 0.0441
Mercury (total) 0.1625 0.097 3.26E-003 1.74E-003
Mercury (inorganic)
Mercury (organic)



Baseline Human Health and Ecological Risk Assessment

Human Health Risk Assessment 5-223

Table 5-36 Cancer Evidence for Exposure to Commercial PCB Mixtures

Type of Study Result Mixture Composition

Lifetime dietary liver tumors in rats (Kimbrough et al., 1975; 60% chlorine
exposure Norback and Weltman, 1985; Schaeffer et

al., 1984)

promotion of benign tumors to malignant 60% chlorine
tumors (Norback and Weltman, 1985)

gastrointestinal tumors (NCI, 1978; Morgan 54% chlorine
et al., 1981; Ward, 1985)

Less-than-lifetime precancerous liver lesions (Kimbrough 1972, 42–60% chlorine
dietary exposure 1974; Ito et al., 1973, 1974; Rao and Banerji,

1988)

Epidemiological capacitor manufacturing workers had 41–54% chlorine
increased mortality from malignant
melanoma and liver, gall bladder,
gastrointestinal tract, and biliary tract cancer
(Brown, 1987; Sinks et al., 1992; Gustavsson
et al., 1986)

petrochemical refinery workers had increased 54% chlorine
mortality from malignant melanoma (Bahn et
al., 1976)

electric utility workers had increased PCBs
mortality from malignant melanoma and
brain cancer (Loomis, et al., 1997)

Case-control non-Hodgkin lymphoma (Hardell et al., PCBs in adipose tissue
1996; Rotham et al., 1997) and serum

mortality from liver and lung cancer in heated PCBs above
general population following consumption of 270°C
PCB- and dibenzofuran-contaminated rice oil
(Masuda, 1994)



Table 5-37    PCB Cancer Slope Factors by Persistence and Route of Exposure

Ingestion Ingestion Dermal Contact Ingestion Dermal Contact Inhalation
PCB Mixture of of With of With of Volatilized
Characteristic Fish/Waterfowl Sediment Sediment Water Water Compounds
Highest Risk and Persistence

Central Tendency Slope 1 1 1 0.3 0.3 0.3

Upper-bound Slope 2 2 2 0.4 0.4 0.4

Lowest Risk and Persistence

Central Tendency Slope 0.04 0.04 0.04 0.04 0.04 0.04

Upper-bound Slope 0.07 0.07 0.07 0.07 0.07 0.07

All values have units of (mg/kg-day)-1



Table 5-38  Toxcity Equivalency Factors for Dioxin-like PCBs

USEPA WHO
TEF TEF

PCBs Value (a) Value (b)
Non-ortho Congeners
3,3',4,4'-TeCB (PCB 77) 0.0005 0.0001
3,4,4',5-TeCB (PCB 81) NA 0.0001
3,3',4,4',5-PeCB (PCB 126) 0.1 0.1
3,3',4,4',5,5'-HxCB (PCB 169) 0.01 0.01
Mono-ortho Congeners
2,3,3',4,4'-PeCB (PCB 105) 0.0001 0.0001
2,3,4,4',5-PeCB (PCB 114) 0.0005 0.0005
2,3',4,4',5-PeCB (PCB 118) 0.0001 0.0001
2',3,4,4',5-PeCB (PCB 123) 0.0001 0.0001
2,3,3',4,4',5-HxCB (PCB 156) 0.0005 0.0005
2,3,3',4,4',5'-HxCB (PCB 157) 0.0005 0.0005
2,3',4,4',5,5'-HxCB (PCB 167) 0.00001 0.00001
2,3,3',4,4',5,5'-HpCB (PCB 189) 0.0001 0.0001
Di-ortho Congeners
2,2',3,3',4,4',5-HpCB (PCB 170) 0.0001 NA
2,2',3,4,4',5,5'-HpCB (PCB 180) 0.00001 NA

Note:  NA indicates a TEF is not available

Sources:

  a. EPA, 1996a

  b. WHO, 1997



Table 5-39    Summary of Dioxin and Furan 
Toxicity Equivalency Factors

USEPA WHO
TEF TEF

Congeners Value (a) Value (b)
Dioxins
2,3,7,8-TCDD 1 1
2,3,7,8-PCDD 0.5 1
2,3,7,8-HxCDD 0.1 0.1
2,3,7,8,-HpCDD 0.01 0.01
OCDD 0.001 0.001
Furans
2,3,7,8-TCDF 0.1 0.1
1,2,3,7,8-PCDF 0.05 0.05
2,3,4,7,8-PCDF 0.5 0.5
2,3,7,8-HxCDF 0.1 0.1
2,3,7,8-HpCDF 0.01 0.01
OCDF 0.001 0.0001

Sources:

  a. EPA, 1989

  b. WHO, 1997



Table 5-40    Summary of Cancer Slope Factors by Route of Exposure

Oral Oral Oral Dermal Dermal Inhalation Inhalation
Soil/Sed Water Fish/Food Soil/Sed Water Vapor Particulate
CSFslo CSFwo CSFfo CSFsld CSFwd CSFavi CSFapi

Chemical of Potential Concern (mg/Kg-day)¯¹ (mg/Kg-day)¯¹ (mg/Kg-day)¯¹ (mg/Kg-day)¯¹ (mg/Kg-day)¯¹ (mg/Kg-day)¯¹ (mg/Kg-day)¯¹
PCBs
Total PCBs 2.00E+000 4.00E-001 2.00E+000 2.00E+000 4.00E-001 4.00E-001 2.00E+000
Aroclor 1016 7.00E-002 7.00E-002 7.00E-002 7.00E-002 7.00E-002 7.00E-002 7.00E-002
Aroclor 1221 2.00E+000 4.00E-001 2.00E+000 2.00E+000 4.00E-001 4.00E-001 2.00E+000
Aroclor 1232 2.00E+000 4.00E-001 2.00E+000 2.00E+000 4.00E-001 4.00E-001 2.00E+000
Aroclor 1242 2.00E+000 4.00E-001 2.00E+000 2.00E+000 4.00E-001 4.00E-001 2.00E+000
Aroclor 1248 2.00E+000 4.00E-001 2.00E+000 2.00E+000 4.00E-001 4.00E-001 2.00E+000
Aroclor 1254 2.00E+000 4.00E-001 2.00E+000 2.00E+000 4.00E-001 4.00E-001 2.00E+000
Aroclor 1260 2.00E+000 4.00E-001 2.00E+000 2.00E+000 4.00E-001 4.00E-001 2.00E+000
3,3',4,4'-TeCB (PCB-77) 7.50E+001 7.50E+001 7.50E+001 7.50E+001 7.50E+001 7.50E+001 7.50E+001
2,3,3',4,4'-PeCB (PCB-105) 1.50E+001 1.50E+001 1.50E+001 1.50E+001 1.50E+001 1.50E+001 1.50E+001
2,3,4,4',5-PeCB (PCB-114) 7.50E+001 7.50E+001 7.50E+001 7.50E+001 7.50E+001 7.50E+001 7.50E+001
2,3',4,4',5-PeCB (PCB-118) 1.50E+001 1.50E+001 1.50E+001 1.50E+001 1.50E+001 1.50E+001 1.50E+001
2',3,4,4',5-PeCB (PCB-123) 1.50E+001 1.50E+001 1.50E+001 1.50E+001 1.50E+001 1.50E+001 1.50E+001
3,3',4,4',5-PeCB (PCB-126) 1.50E+004 1.50E+004 1.50E+004 1.50E+004 1.50E+004 1.50E+004 1.50E+004
2,3,3',4,4',5-HxCB (PCB-156) 7.50E+001 7.50E+001 7.50E+001 7.50E+001 7.50E+001 7.50E+001 7.50E+001
2,3,3',4,4',5'-HxCB (PCB-157) 7.50E+001 7.50E+001 7.50E+001 7.50E+001 7.50E+001 7.50E+001 7.50E+001
2,3',4,4',5,5'-HxCB (PCB-167) 1.50E+000 1.50E+000 1.50E+000 1.50E+000 1.50E+000 1.50E+000 1.50E+000
3,3',4,4',5,5'-HxCB (PCB-169) 1.50E+003 1.50E+003 1.50E+003 1.50E+003 1.50E+003 1.50E+003 1.50E+003
2,2',3,3',4,4',5-HpCB (PCB-170) 1.50E+001 1.50E+001 1.50E+001 1.50E+001 1.50E+001 1.50E+001 1.50E+001
2,2',3,4,4',5,5'-HpCB (PCB-180) 1.50E+000 1.50E+000 1.50E+000 1.50E+000 1.50E+000 1.50E+000 1.50E+000
2,3,3',4,4',5,5'-HpCB (PCB-189) 1.50E+001 1.50E+001 1.50E+001 1.50E+001 1.50E+001 1.50E+001 1.50E+001
Chlorinated Dioxins
2,3,7,8-TCDD 1.50E+005 1.50E+005 1.50E+005 1.50E+005 1.50E+005 1.50E+005 1.50E+005
1,2,3,7,8-PCDD 7.50E+004 7.50E+004 7.50E+004 7.50E+004 7.50E+004 7.50E+004 7.50E+004
1,2,3,4,7,8-HxCDD 1.50E+004 1.50E+004 1.50E+004 1.50E+004 1.50E+004 1.50E+004 1.50E+004
1,2,3,6,7,8-HxCDD 1.50E+004 1.50E+004 1.50E+004 1.50E+004 1.50E+004 1.50E+004 1.50E+004
1,2,3,7,8,9-HxCDD 1.50E+004 1.50E+004 1.50E+004 1.50E+004 1.50E+004 1.50E+004 1.50E+004
1,2,3,4,6,7,8-HpCDD 1.50E+003 1.50E+003 1.50E+003 1.50E+003 1.50E+003 1.50E+003 1.50E+003
OCDD 1.50E+002 1.50E+002 1.50E+002 1.50E+002 1.50E+002 1.50E+002 1.50E+002
Chlorinated Furans
2,3,7,8-TCDF 1.50E+004 1.50E+004 1.50E+004 1.50E+004 1.50E+004 1.50E+004 1.50E+004
1,2,3,7,8-PCDF 7.50E+003 7.50E+003 7.50E+003 7.50E+003 7.50E+003 7.50E+003 7.50E+003
2,3,4,7,8-PCDF 7.50E+004 7.50E+004 7.50E+004 7.50E+004 7.50E+004 7.50E+004 7.50E+004
1,2,3,4,7,8-HxCDF 1.50E+004 1.50E+004 1.50E+004 1.50E+004 1.50E+004 1.50E+004 1.50E+004
1,2,3,6,7,8-HxCDF 1.50E+004 1.50E+004 1.50E+004 1.50E+004 1.50E+004 1.50E+004 1.50E+004
1,2,3,7,8,9-HxCDF 1.50E+004 1.50E+004 1.50E+004 1.50E+004 1.50E+004 1.50E+004 1.50E+004
2,3,4,6,7,8-HxCDF 1.50E+004 1.50E+004 1.50E+004 1.50E+004 1.50E+004 1.50E+004 1.50E+004
1,2,3,4,6,7,8-HpCDF 1.50E+003 1.50E+003 1.50E+003 1.50E+003 1.50E+003 1.50E+003 1.50E+003
1,2,3,4,7,8,9-HpCDF 1.50E+003 1.50E+003 1.50E+003 1.50E+003 1.50E+003 1.50E+003 1.50E+003
OCDF 1.50E+002 1.50E+002 1.50E+002 1.50E+002 1.50E+002 1.50E+002 1.50E+002
Organochlorine Pesticides
Dieldrin 1.60E+001 1.60E+001 1.60E+001 1.60E+001 1.60E+001 1.61E+001 1.61E+001
4,4'-DDD 2.40E-001 2.40E-001 2.40E-001 2.40E-001 2.40E-001 NA NA
4,4'-DDE 3.40E-001 3.40E-001 3.40E-001 3.40E-001 3.40E-001 NA NA
4,4'-DDT 3.40E-001 3.40E-001 3.40E-001 3.40E-001 3.40E-001 3.40E-001 3.40E-001
Inorganics
Arsenic 1.50E+000 1.50E+000 1.50E+000 1.58E+000 1.58E+000 1.51E+001 1.51E+001
Lead NA NA NA NA NA NA NA
Mercury (total) NA NA NA NA NA NA NA
Mercury (inorganic) NA NA NA NA NA NA NA
Mercury (organic) NA NA NA NA NA NA NA



Table 5-41    Summary of Reference Doses by Route of Exposure

Oral Oral Oral Dermal Dermal Inhalation Inhalation
Soil/Sed Water Fish/Food Soil/Sed Water Vapor Particulate
RfDcslo RfDcwo RfDcfo RfDcsd RfDcwd RfDcavi RfDcapi

Chemical of Potential Concern (mg/Kg-day) (mg/Kg-day) (mg/Kg-day) (mg/Kg-day) (mg/Kg-day) (mg/Kg-day) (mg/Kg-day)
PCBs
Total PCBs 2.00E-005 2.00E-005 2.00E-005 1.80E-005 1.80E-005 NA NA
Aroclor 1016 7.00E-005 7.00E-005 7.00E-005 7.00E-005 7.00E-005 NA NA
Aroclor 1221 2.00E-005 2.00E-005 2.00E-005 1.80E-005 1.80E-005 NA NA
Aroclor 1232 2.00E-005 2.00E-005 2.00E-005 1.80E-005 1.80E-005 NA NA
Aroclor 1242 2.00E-005 2.00E-005 2.00E-005 1.80E-005 1.80E-005 NA NA
Aroclor 1248 2.00E-005 2.00E-005 2.00E-005 1.80E-005 1.80E-005 NA NA
Aroclor 1254 2.00E-005 2.00E-005 2.00E-005 1.80E-005 1.80E-005 NA NA
Aroclor 1260 2.00E-005 2.00E-005 2.00E-005 1.80E-005 1.80E-005 NA NA
3,3',4,4'-TeCB (PCB-77) NA NA NA NA NA NA NA
2,3,3',4,4'-PeCB (PCB-105) NA NA NA NA NA NA NA
2,3,4,4',5-PeCB (PCB-114) NA NA NA NA NA NA NA
2,3',4,4',5-PeCB (PCB-118) NA NA NA NA NA NA NA
2',3,4,4',5-PeCB (PCB-123) NA NA NA NA NA NA NA
3,3',4,4',5-PeCB (PCB-126) NA NA NA NA NA NA NA
2,3,3',4,4',5-HxCB (PCB-156) NA NA NA NA NA NA NA
2,3,3',4,4',5'-HxCB (PCB-157) NA NA NA NA NA NA NA
2,3',4,4',5,5'-HxCB (PCB-167) NA NA NA NA NA NA NA
3,3',4,4',5,5'-HxCB (PCB-169) NA NA NA NA NA NA NA
2,2',3,3',4,4',5-HpCB (PCB-170) NA NA NA NA NA NA NA
2,2',3,4,4',5,5'-HpCB (PCB-180) NA NA NA NA NA NA NA
2,3,3',4,4',5,5'-HpCB (PCB-189) NA NA NA NA NA NA NA
Chlorinated Dioxins
2,3,7,8-TCDD 1.00E-009 1.00E-009 1.00E-009 1.00E-009 1.00E-009 NA NA
1,2,3,7,8-PCDD NA NA NA NA NA NA NA
1,2,3,4,7,8-HxCDD NA NA NA NA NA NA NA
1,2,3,6,7,8-HxCDD NA NA NA NA NA NA NA
1,2,3,7,8,9-HxCDD NA NA NA NA NA NA NA
1,2,3,4,6,7,8-HpCDD NA NA NA NA NA NA NA
OCDD NA NA NA NA NA NA NA
Chlorinated Furans
2,3,7,8-TCDF NA NA NA NA NA NA NA
1,2,3,7,8-PCDF NA NA NA NA NA NA NA
2,3,4,7,8-PCDF NA NA NA NA NA NA NA
1,2,3,4,7,8-HxCDF NA NA NA NA NA NA NA
1,2,3,6,7,8-HxCDF NA NA NA NA NA NA NA
1,2,3,7,8,9-HxCDF NA NA NA NA NA NA NA
2,3,4,6,7,8-HxCDF NA NA NA NA NA NA NA
1,2,3,4,6,7,8-HpCDF NA NA NA NA NA NA NA
1,2,3,4,7,8,9-HpCDF NA NA NA NA NA NA NA
OCDF NA NA NA NA NA NA NA
Organochlorine Pesticides
Dieldrin 5.00E-005 5.00E-005 5.00E-005 5.00E-005 5.00E-005 NA NA
4,4'-DDD NA NA NA NA NA NA NA
4,4'-DDE NA NA NA NA NA NA NA
4,4'-DDT 5.00E-004 5.00E-004 5.00E-004 5.00E-004 5.00E-004 NA NA
Inorganics
Arsenic 3.00E-004 3.00E-004 3.00E-004 2.85E-004 2.85E-004 NA NA
Lead NA NA NA NA NA NA NA
Mercury (total) 1.00E-004 1.00E-004 1.00E-004 1.00E-004 1.00E-004 8.60E-005 8.60E-005
Mercury (inorganic) 3.00E-004 3.00E-004 3.00E-004 3.00E-004 3.00E-004 8.60E-005 8.60E-005
Mercury (organic) 1.00E-004 1.00E-004 1.00E-004 1.00E-004 1.00E-004 NA NA



Table 5-42   Total Cancer Risks for the Recreational Angler (RME with Upperbound Concentrations)

Little Lake Appleton to Little Rapids DePere to Green Bay
Chemical of Potential Concern Butte des Morts Little Rapids to DePere Green Bay

Part 1: Risk for All Chemicals
Risks by Chemical Group
Total PCBs 2.8E-003 2.8E-003 3.9E-004 1.4E-003 3.2E-003
Total Dioxins/Furans 7.4E-006 0.0E+000 0.0E+000 7.6E-005 3.8E-004
Total Pesticides 0.0E+000 0.0E+000 0.0E+000 4.1E-005 8.6E-004
Total Inorganics (Arsenic) 0.0E+000 0.0E+000 0.0E+000 1.1E-007 0.0E+000
Total 2.8E-003 2.8E-003 3.9E-004 1.5E-003 4.4E-003
Risks by Pathway
Ingestion of Fish 2.8E-003 2.8E-003 3.9E-004 1.5E-003 4.4E-003
Ingestion of Waterfowl 0.0E+000 0.0E+000 0.0E+000 0.0E+000 0.0E+000
Ingestion/Dermal Contact with Water 3.1E-009 3.5E-009 2.7E-009 1.2E-007 1.2E-009
Inhalation of Indoor and Outdoor Air 1.6E-008 1.6E-008 1.3E-008 2.5E-008 1.2E-008
Ingestion/Dermal Contact with Sediment 0.0E+000 0.0E+000 0.0E+000 0.0E+000 0.0E+000
Total 2.8E-003 2.8E-003 3.9E-004 1.5E-003 4.4E-003
Percent of Total for Chemical Group
Total PCBs 99.73% 100.00% 100.00% 92.39% 71.83%
Total Dioxins/Furans 0.27% 0.00% 0.00% 4.95% 8.66%
Total Pesticides 0.00% 0.00% 0.00% 2.65% 19.51%
Total Inorganics (Arsenic) 0.00% 0.00% 0.00% 0.01% 0.00%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Percent of Total for Pathway
Ingestion of Fish 100.00% 100.00% 100.00% 99.99% 100.00%
Ingestion of Waterfowl 0.00% 0.00% 0.00% 0.00% 0.00%
Ingestion/Dermal Contact with Water 0.00% 0.00% 0.00% 0.01% 0.00%
Inhalation of Indoor and Outdoor Air 0.00% 0.00% 0.00% 0.00% 0.00%
Ingestion/Dermal Contact with Sediment 0.00% 0.00% 0.00% 0.00% 0.00%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Part 2: Focused PCB Evaluation
Risks
Total PCBs 2.8E-003 2.8E-003 3.9E-004 1.4E-003 3.2E-003
Total PCBs using Aroclor Data 1.7E-003 2.2E-003 4.1E-004 1.1E-003 5.8E-003
Total PCBs using Congener Data 4.5E-004 3.7E-008 2.7E-008 2.1E-003 4.3E-008
Ratio to Risk for Total PCBs
Total PCBs using Aroclor Data 62.4% 78.6% 106.5% 76.7% 183.5%
Total PCBs using Congener Data 16.4% 0.0% 0.0% 146.1% 0.0%



Table 5-43   Total Hazard Indices for the Recreational Angler (RME with Upperbound Concentrations)

Little Lake Appleton to Little Rapids DePere to Green Bay
Chemical of Potential Concern Butte des Morts Little Rapids to DePere Green Bay

Part 1: Hazard Indices for All Chemicals
Hazard Indices by Chemical Group
Total PCBs 103.970 103.888 14.586 53.187 118.801
Total Dioxins/Furans 0.000 0.000 0.000 0.657 1.561
Total Pesticides 0.000 0.000 0.000 0.000 1.590
Arsenic 0.000 0.000 0.000 0.000 0.000
Mercury 2.300 4.932 2.177 2.646 2.756
Total 106.270 108.820 16.763 56.491 124.709
Hazard Indices by Pathway
Ingestion of Fish 105.941 108.817 16.656 56.490 124.500
Ingestion of Waterfowl 0.000 0.000 0.000 0.000 0.000
Ingestion/Dermal Contact with Water 0.006 0.001 0.006 0.001 0.004
Inhalation of Indoor and Outdoor Air 0.323 0.002 0.101 0.000 0.205
Ingestion/Dermal Contact with Sediment 0.000 0.000 0.000 0.000 0.000
Total 106.270 108.820 16.763 56.491 124.709
Percent of Total for Chemical Group
Total PCBs 97.84% 95.47% 87.01% 94.15% 95.26%
Total Dioxins/Furans 0.00% 0.00% 0.00% 1.16% 1.25%
Total Pesticides 0.00% 0.00% 0.00% 0.00% 1.27%
Arsenic 0.00% 0.00% 0.00% 0.00% 0.00%
Mercury 2.16% 4.53% 12.99% 4.68% 2.21%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Percent of Total for Pathway
Ingestion of Fish 99.69% 100.00% 99.36% 100.00% 99.83%
Ingestion of Waterfowl 0.00% 0.00% 0.00% 0.00% 0.00%
Ingestion/Dermal Contact with Water 0.01% 0.00% 0.03% 0.00% 0.00%
Inhalation of Indoor and Outdoor Air 0.30% 0.00% 0.60% 0.00% 0.16%
Ingestion/Dermal Contact with Sediment 0.00% 0.00% 0.00% 0.00% 0.00%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Part 2: Focused PCB Evaluation
Hazard Indices
Total PCBs 103.970 103.888 14.586 53.187 118.801
Total PCBs using Aroclor Data 64.896 81.680 15.531 40.799 217.963
Ratio to Hazard Index for Total PCBs
Total PCBs using Aroclor Data 62.4% 78.6% 106.5% 76.7% 183.5%



Table 5-44   Total Cancer Risks for the Recreational Angler (RME with Average Concentrations)

Little Lake Appleton to Little Rapids DePere to Green Bay
Chemical of Potential Concern Butte des Morts Little Rapids to DePere Green Bay

Part 1: Risk for All Chemicals
Risks by Chemical Group
Total PCBs 1.9E-003 2.2E-003 3.1E-004 1.2E-003 2.0E-003
Total Dioxins/Furans 7.4E-006 0.0E+000 0.0E+000 7.3E-005 3.6E-004
Total Pesticides 0.0E+000 0.0E+000 0.0E+000 1.6E-005 4.2E-004
Total Inorganics (Arsenic) 0.0E+000 0.0E+000 0.0E+000 1.1E-007 0.0E+000
Total 2.0E-003 2.2E-003 3.1E-004 1.3E-003 2.8E-003
Risks by Pathway
Ingestion of Fish 2.0E-003 2.2E-003 3.1E-004 1.3E-003 2.8E-003
Ingestion of Waterfowl 0.0E+000 0.0E+000 0.0E+000 0.0E+000 0.0E+000
Ingestion/Dermal Contact with Water 2.0E-009 1.9E-009 2.4E-009 1.1E-007 1.0E-009
Inhalation of Indoor and Outdoor Air 1.0E-008 9.0E-009 1.1E-008 2.3E-008 1.1E-008
Ingestion/Dermal Contact with Sediment 0.0E+000 0.0E+000 0.0E+000 0.0E+000 0.0E+000
Total 2.0E-003 2.2E-003 3.1E-004 1.3E-003 2.8E-003
Percent of Total for Chemical Group
Total PCBs 99.62% 100.00% 100.00% 93.23% 71.98%
Total Dioxins/Furans 0.38% 0.00% 0.00% 5.52% 12.82%
Total Pesticides 0.00% 0.00% 0.00% 1.25% 15.20%
Total Inorganics (Arsenic) 0.00% 0.00% 0.00% 0.01% 0.00%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Percent of Total for Pathway
Ingestion of Fish 100.00% 100.00% 100.00% 99.99% 100.00%
Ingestion of Waterfowl 0.00% 0.00% 0.00% 0.00% 0.00%
Ingestion/Dermal Contact with Water 0.00% 0.00% 0.00% 0.01% 0.00%
Inhalation of Indoor and Outdoor Air 0.00% 0.00% 0.00% 0.00% 0.00%
Ingestion/Dermal Contact with Sediment 0.00% 0.00% 0.00% 0.00% 0.00%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Part 2: Focused PCB Evaluation
Risks
Total PCBs 1.9E-003 2.2E-003 3.1E-004 1.2E-003 2.0E-003
Total PCBs using Aroclor Data 5.3E-004 7.2E-004 2.7E-004 8.3E-004 4.1E-003
Total PCBs using Congener Data 2.9E-004 3.3E-008 2.4E-008 1.5E-003 3.4E-008
Ratio to Risk for Total PCBs
Total PCBs using Aroclor Data 27.0% 33.2% 85.1% 67.6% 205.7%
Total PCBs using Congener Data 15.0% 0.0% 0.0% 119.2% 0.0%



Table 5-45   Total Hazard Indices for the Recreational Angler (RME with Average Concentrations)

Little Lake Appleton to Little Rapids DePere to Green Bay
Chemical of Potential Concern Butte des Morts Little Rapids to DePere Green Bay

Part 1: Hazard Indices for All Chemicals
Hazard Indices by Chemical Group
Total PCBs 72.970 81.660 11.772 46.223 75.270
Total Dioxins/Furans 0.000 0.000 0.000 0.657 1.315
Total Pesticides 0.000 0.000 0.000 0.000 0.774
Arsenic 0.000 0.000 0.000 0.000 0.000
Mercury 1.040 2.689 1.773 1.976 1.491
Total 74.010 84.348 13.544 48.857 78.850
Hazard Indices by Pathway
Ingestion of Fish 73.857 84.346 13.464 48.856 78.694
Ingestion of Waterfowl 0.000 0.000 0.000 0.000 0.000
Ingestion/Dermal Contact with Water 0.003 0.000 0.005 0.001 0.003
Inhalation of Indoor and Outdoor Air 0.150 0.002 0.076 0.000 0.153
Ingestion/Dermal Contact with Sediment 0.000 0.000 0.000 0.000 0.000
Total 74.010 84.348 13.544 48.857 78.850
Percent of Total for Chemical Group
Total PCBs 98.59% 96.81% 86.91% 94.61% 95.46%
Total Dioxins/Furans 0.00% 0.00% 0.00% 1.35% 1.67%
Total Pesticides 0.00% 0.00% 0.00% 0.00% 0.98%
Arsenic 0.00% 0.00% 0.00% 0.00% 0.00%
Mercury 1.41% 3.19% 13.09% 4.05% 1.89%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Percent of Total for Pathway
Ingestion of Fish 99.79% 100.00% 99.41% 100.00% 99.80%
Ingestion of Waterfowl 0.00% 0.00% 0.00% 0.00% 0.00%
Ingestion/Dermal Contact with Water 0.00% 0.00% 0.03% 0.00% 0.00%
Inhalation of Indoor and Outdoor Air 0.20% 0.00% 0.56% 0.00% 0.19%
Ingestion/Dermal Contact with Sediment 0.00% 0.00% 0.00% 0.00% 0.00%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Part 2: Focused PCB Evaluation
Hazard Indices
Total PCBs 72.970 81.660 11.772 46.223 75.270
Total PCBs using Aroclor Data 19.691 27.138 10.023 31.267 154.865
Ratio to Hazard Index for Total PCBs
Total PCBs using Aroclor Data 27.0% 33.2% 85.1% 67.6% 205.7%



Table 5-46   Total Cancer Risks for the Recreational Angler (CTE with Average Concentrations)

Little Lake Appleton to Little Rapids DePere to Green Bay
Chemical of Potential Concern Butte des Morts Little Rapids to DePere Green Bay

Part 1: Risk for All Chemicals
Risks by Chemical Group
Total PCBs 3.0E-004 3.3E-004 4.8E-005 1.9E-004 3.1E-004
Total Dioxins/Furans 1.1E-006 0.0E+000 0.0E+000 1.1E-005 5.5E-005
Total Pesticides 0.0E+000 0.0E+000 0.0E+000 2.5E-006 6.5E-005
Total Inorganics (Arsenic) 0.0E+000 0.0E+000 0.0E+000 1.7E-008 0.0E+000
Total 3.0E-004 3.3E-004 4.8E-005 2.0E-004 4.3E-004
Risks by Pathway
Ingestion of Fish 3.0E-004 3.3E-004 4.8E-005 2.0E-004 4.3E-004
Ingestion of Waterfowl 0.0E+000 0.0E+000 0.0E+000 0.0E+000 0.0E+000
Ingestion/Dermal Contact with Water 2.5E-010 2.4E-010 3.0E-010 1.7E-008 1.3E-010
Inhalation of Indoor and Outdoor Air 1.6E-009 1.4E-009 1.7E-009 3.4E-009 1.6E-009
Ingestion/Dermal Contact with Sediment 0.0E+000 0.0E+000 0.0E+000 0.0E+000 0.0E+000
Total 3.0E-004 3.3E-004 4.8E-005 2.0E-004 4.3E-004
Percent of Total for Chemical Group
Total PCBs 99.62% 100.00% 100.00% 93.23% 71.98%
Total Dioxins/Furans 0.38% 0.00% 0.00% 5.52% 12.82%
Total Pesticides 0.00% 0.00% 0.00% 1.25% 15.20%
Total Inorganics (Arsenic) 0.00% 0.00% 0.00% 0.01% 0.00%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Percent of Total for Pathway
Ingestion of Fish 100.00% 100.00% 100.00% 99.99% 100.00%
Ingestion of Waterfowl 0.00% 0.00% 0.00% 0.00% 0.00%
Ingestion/Dermal Contact with Water 0.00% 0.00% 0.00% 0.01% 0.00%
Inhalation of Indoor and Outdoor Air 0.00% 0.00% 0.00% 0.00% 0.00%
Ingestion/Dermal Contact with Sediment 0.00% 0.00% 0.00% 0.00% 0.00%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Part 2: Focused PCB Evaluation
Risks
Total PCBs 3.0E-004 3.3E-004 4.8E-005 1.9E-004 3.1E-004
Total PCBs using Aroclor Data 8.0E-005 1.1E-004 4.1E-005 1.3E-004 6.3E-004
Total PCBs using Congener Data 4.4E-005 4.7E-009 3.6E-009 2.2E-004 5.0E-009
Ratio to Risk for Total PCBs
Total PCBs using Aroclor Data 27.0% 33.2% 85.1% 67.6% 205.7%
Total PCBs using Congener Data 15.0% 0.0% 0.0% 119.2% 0.0%



Table 5-47   Total Hazard Indices for the Recreational Angler (CTE with Average Concentrations)

Little Lake Appleton to Little Rapids DePere to Green Bay
Chemical of Potential Concern Butte des Morts Little Rapids to DePere Green Bay

Part 1: Hazard Indices for All Chemicals
Hazard Indices by Chemical Group
Total PCBs 18.552 20.761 2.993 11.752 19.137
Total Dioxins/Furans 0.000 0.000 0.000 0.167 0.334
Total Pesticides 0.000 0.000 0.000 0.000 0.197
Arsenic 0.000 0.000 0.000 0.000 0.000
Mercury 0.264 0.684 0.451 0.502 0.379
Total 18.816 21.445 3.443 12.421 20.046
Hazard Indices by Pathway
Ingestion of Fish 18.777 21.444 3.423 12.421 20.007
Ingestion of Waterfowl 0.000 0.000 0.000 0.000 0.000
Ingestion/Dermal Contact with Water 0.001 0.000 0.001 0.000 0.001
Inhalation of Indoor and Outdoor Air 0.038 0.000 0.019 0.000 0.039
Ingestion/Dermal Contact with Sediment 0.000 0.000 0.000 0.000 0.000
Total 18.816 21.445 3.443 12.421 20.046
Percent of Total for Chemical Group
Total PCBs 98.60% 96.81% 86.92% 94.61% 95.46%
Total Dioxins/Furans 0.00% 0.00% 0.00% 1.35% 1.67%
Total Pesticides 0.00% 0.00% 0.00% 0.00% 0.98%
Arsenic 0.00% 0.00% 0.00% 0.00% 0.00%
Mercury 1.40% 3.19% 13.08% 4.05% 1.89%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Percent of Total for Pathway
Ingestion of Fish 99.79% 100.00% 99.41% 100.00% 99.80%
Ingestion of Waterfowl 0.00% 0.00% 0.00% 0.00% 0.00%
Ingestion/Dermal Contact with Water 0.00% 0.00% 0.03% 0.00% 0.00%
Inhalation of Indoor and Outdoor Air 0.20% 0.00% 0.56% 0.00% 0.19%
Ingestion/Dermal Contact with Sediment 0.00% 0.00% 0.00% 0.00% 0.00%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Part 2: Focused PCB Evaluation
Hazard Indices
Total PCBs 18.552 20.761 2.993 11.752 19.137
Total PCBs using Aroclor Data 5.006 6.899 2.548 7.949 39.372
Ratio to Hazard Index for Total PCBs
Total PCBs using Aroclor Data 27.0% 33.2% 85.1% 67.6% 205.7%



Table 5-48   Total Cancer Risks for the Subsistence Angler (RME with Upperbound Concentrations)

Little Lake Appleton to Little Rapids DePere to Green Bay
Chemical of Potential Concern Butte des Morts Little Rapids to DePere Green Bay

Part 1: Risk for All Chemicals
Risks by Chemical Group
Total PCBs 3.8E-003 3.8E-003 5.3E-004 1.9E-003 4.3E-003
Total Dioxins/Furans 1.0E-005 0.0E+000 0.0E+000 1.0E-004 5.2E-004
Total Pesticides 0.0E+000 0.0E+000 0.0E+000 5.6E-005 1.2E-003
Total Inorganics (Arsenic) 0.0E+000 0.0E+000 0.0E+000 1.5E-007 0.0E+000
Total 3.8E-003 3.8E-003 5.3E-004 2.1E-003 6.0E-003
Risks by Pathway
Ingestion of Fish 3.8E-003 3.8E-003 5.3E-004 2.1E-003 6.0E-003
Ingestion of Waterfowl 0.0E+000 0.0E+000 0.0E+000 0.0E+000 0.0E+000
Ingestion/Dermal Contact with Water 4.2E-009 4.8E-009 3.6E-009 1.6E-007 1.6E-009
Inhalation of Indoor and Outdoor Air 1.5E-008 1.5E-008 1.2E-008 2.3E-008 1.1E-008
Ingestion/Dermal Contact with Sediment 0.0E+000 0.0E+000 0.0E+000 0.0E+000 0.0E+000
Total 3.8E-003 3.8E-003 5.3E-004 2.1E-003 6.0E-003
Percent of Total for Chemical Group
Total PCBs 99.73% 100.00% 100.00% 92.39% 71.83%
Total Dioxins/Furans 0.27% 0.00% 0.00% 4.95% 8.66%
Total Pesticides 0.00% 0.00% 0.00% 2.65% 19.51%
Total Inorganics (Arsenic) 0.00% 0.00% 0.00% 0.01% 0.00%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Percent of Total for Pathway
Ingestion of Fish 100.00% 100.00% 100.00% 99.99% 100.00%
Ingestion of Waterfowl 0.00% 0.00% 0.00% 0.00% 0.00%
Ingestion/Dermal Contact with Water 0.00% 0.00% 0.00% 0.01% 0.00%
Inhalation of Indoor and Outdoor Air 0.00% 0.00% 0.00% 0.00% 0.00%
Ingestion/Dermal Contact with Sediment 0.00% 0.00% 0.00% 0.00% 0.00%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Part 2: Focused PCB Evaluation
Risks
Total PCBs 3.8E-003 3.8E-003 5.3E-004 1.9E-003 4.3E-003
Total PCBs using Aroclor Data 2.4E-003 3.0E-003 5.7E-004 1.5E-003 8.0E-003
Total PCBs using Congener Data 6.2E-004 3.8E-008 2.8E-008 2.8E-003 4.1E-008
Ratio to Risk for Total PCBs
Total PCBs using Aroclor Data 62.4% 78.6% 106.5% 76.7% 183.5%
Total PCBs using Congener Data 16.4% 0.0% 0.0% 146.1% 0.0%



Table 5-49   Total Hazard Indices for the Subsistence Angler (RME with Upperbound Concentrations)

Little Lake Appleton to Little Rapids DePere to Green Bay
Chemical of Potential Concern Butte des Morts Little Rapids to DePere Green Bay

Part 1: Hazard Indices for All Chemicals
Hazard Indices by Chemical Group
Total PCBs 142.472 142.360 19.988 72.884 162.797
Total Dioxins/Furans 0.000 0.000 0.000 0.901 2.139
Total Pesticides 0.000 0.000 0.000 0.000 2.179
Arsenic 0.000 0.000 0.000 0.001 0.000
Mercury 3.004 6.758 2.937 3.626 3.683
Total 145.477 149.118 22.925 77.411 170.798
Hazard Indices by Pathway
Ingestion of Fish 145.174 149.115 22.825 77.409 170.605
Ingestion of Waterfowl 0.000 0.000 0.000 0.000 0.000
Ingestion/Dermal Contact with Water 0.008 0.001 0.008 0.002 0.005
Inhalation of Indoor and Outdoor Air 0.295 0.002 0.092 0.000 0.187
Ingestion/Dermal Contact with Sediment 0.000 0.000 0.000 0.000 0.000
Total 145.477 149.118 22.925 77.411 170.798
Percent of Total for Chemical Group
Total PCBs 97.93% 95.47% 87.19% 94.15% 95.32%
Total Dioxins/Furans 0.00% 0.00% 0.00% 1.16% 1.25%
Total Pesticides 0.00% 0.00% 0.00% 0.00% 1.28%
Arsenic 0.00% 0.00% 0.00% 0.00% 0.00%
Mercury 2.07% 4.53% 12.81% 4.68% 2.16%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Percent of Total for Pathway
Ingestion of Fish 99.79% 100.00% 99.56% 100.00% 99.89%
Ingestion of Waterfowl 0.00% 0.00% 0.00% 0.00% 0.00%
Ingestion/Dermal Contact with Water 0.01% 0.00% 0.03% 0.00% 0.00%
Inhalation of Indoor and Outdoor Air 0.20% 0.00% 0.40% 0.00% 0.11%
Ingestion/Dermal Contact with Sediment 0.00% 0.00% 0.00% 0.00% 0.00%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Part 2: Focused PCB Evaluation
Hazard Indices
Total PCBs 142.472 142.360 19.988 72.884 162.797
Total PCBs using Aroclor Data 88.929 111.928 21.282 55.908 298.681
Ratio to Hazard Index for Total PCBs
Total PCBs using Aroclor Data 62.4% 78.6% 106.5% 76.7% 183.5%



Table 5-50   Total Cancer Risks for the Subsistence Angler (RME with Average Concentrations)

Little Lake Appleton to Little Rapids DePere to Green Bay
Chemical of Potential Concern Butte des Morts Little Rapids to DePere Green Bay

Part 1: Risk for All Chemicals
Risks by Chemical Group
Total PCBs 2.7E-003 3.0E-003 4.3E-004 1.7E-003 2.8E-003
Total Dioxins/Furans 1.0E-005 0.0E+000 0.0E+000 1.0E-004 4.9E-004
Total Pesticides 0.0E+000 0.0E+000 0.0E+000 2.3E-005 5.8E-004
Total Inorganics (Arsenic) 0.0E+000 0.0E+000 0.0E+000 1.5E-007 0.0E+000
Total 2.7E-003 3.0E-003 4.3E-004 1.8E-003 3.8E-003
Risks by Pathway
Ingestion of Fish 2.7E-003 3.0E-003 4.3E-004 1.8E-003 3.8E-003
Ingestion of Waterfowl 0.0E+000 0.0E+000 0.0E+000 0.0E+000 0.0E+000
Ingestion/Dermal Contact with Water 2.7E-009 2.6E-009 3.2E-009 1.6E-007 1.4E-009
Inhalation of Indoor and Outdoor Air 9.5E-009 8.2E-009 1.0E-008 2.1E-008 9.8E-009
Ingestion/Dermal Contact with Sediment 0.0E+000 0.0E+000 0.0E+000 0.0E+000 0.0E+000
Total 2.7E-003 3.0E-003 4.3E-004 1.8E-003 3.8E-003
Percent of Total for Chemical Group
Total PCBs 99.62% 100.00% 100.00% 93.23% 71.98%
Total Dioxins/Furans 0.38% 0.00% 0.00% 5.52% 12.82%
Total Pesticides 0.00% 0.00% 0.00% 1.25% 15.20%
Total Inorganics (Arsenic) 0.00% 0.00% 0.00% 0.01% 0.00%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Percent of Total for Pathway
Ingestion of Fish 100.00% 100.00% 100.00% 99.99% 100.00%
Ingestion of Waterfowl 0.00% 0.00% 0.00% 0.00% 0.00%
Ingestion/Dermal Contact with Water 0.00% 0.00% 0.00% 0.01% 0.00%
Inhalation of Indoor and Outdoor Air 0.00% 0.00% 0.00% 0.00% 0.00%
Ingestion/Dermal Contact with Sediment 0.00% 0.00% 0.00% 0.00% 0.00%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Part 2: Focused PCB Evaluation
Risks
Total PCBs 2.7E-003 3.0E-003 4.3E-004 1.7E-003 2.8E-003
Total PCBs using Aroclor Data 7.2E-004 9.9E-004 3.7E-004 1.1E-003 5.7E-003
Total PCBs using Congener Data 4.0E-004 3.3E-008 2.5E-008 2.0E-003 3.2E-008
Ratio to Risk for Total PCBs
Total PCBs using Aroclor Data 27.0% 33.2% 85.1% 67.6% 205.7%
Total PCBs using Congener Data 15.0% 0.0% 0.0% 119.2% 0.0%



Table 5-51   Total Hazard Indices for the Subsistence Angler (RME with Average Concentrations)

Little Lake Appleton to Little Rapids DePere to Green Bay
Chemical of Potential Concern Butte des Morts Little Rapids to DePere Green Bay

Part 1: Hazard Indices for All Chemicals
Hazard Indices by Chemical Group
Total PCBs 99.992 111.900 16.131 63.341 103.145
Total Dioxins/Furans 0.000 0.000 0.000 0.901 1.802
Total Pesticides 0.000 0.000 0.000 0.000 1.060
Arsenic 0.000 0.000 0.000 0.001 0.000
Mercury 1.356 3.684 2.394 2.708 1.973
Total 101.349 115.584 18.526 66.950 107.980
Hazard Indices by Pathway
Ingestion of Fish 101.208 115.582 18.450 66.948 107.837
Ingestion of Waterfowl 0.000 0.000 0.000 0.000 0.000
Ingestion/Dermal Contact with Water 0.004 0.001 0.006 0.002 0.004
Inhalation of Indoor and Outdoor Air 0.137 0.002 0.069 0.000 0.140
Ingestion/Dermal Contact with Sediment 0.000 0.000 0.000 0.000 0.000
Total 101.349 115.584 18.526 66.950 107.980
Percent of Total for Chemical Group
Total PCBs 98.66% 96.81% 87.07% 94.61% 95.52%
Total Dioxins/Furans 0.00% 0.00% 0.00% 1.35% 1.67%
Total Pesticides 0.00% 0.00% 0.00% 0.00% 0.98%
Arsenic 0.00% 0.00% 0.00% 0.00% 0.00%
Mercury 1.34% 3.19% 12.93% 4.05% 1.83%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Percent of Total for Pathway
Ingestion of Fish 99.86% 100.00% 99.59% 100.00% 99.87%
Ingestion of Waterfowl 0.00% 0.00% 0.00% 0.00% 0.00%
Ingestion/Dermal Contact with Water 0.00% 0.00% 0.03% 0.00% 0.00%
Inhalation of Indoor and Outdoor Air 0.13% 0.00% 0.37% 0.00% 0.13%
Ingestion/Dermal Contact with Sediment 0.00% 0.00% 0.00% 0.00% 0.00%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Part 2: Focused PCB Evaluation
Hazard Indices
Total PCBs 99.992 111.900 16.131 63.341 103.145
Total PCBs using Aroclor Data 26.983 37.187 13.735 42.846 212.215
Ratio to Hazard Index for Total PCBs
Total PCBs using Aroclor Data 27.0% 33.2% 85.1% 67.6% 205.7%



Table 5-52   Total Cancer Risks for the Subsistence Angler (CTE with Average Concentrations)

Little Lake Appleton to Little Rapids DePere to Green Bay
Chemical of Potential Concern Butte des Morts Little Rapids to DePere Green Bay

Part 1: Risk for All Chemicals
Risks by Chemical Group
Total PCBs 4.2E-004 4.7E-004 6.8E-005 2.7E-004 4.3E-004
Total Dioxins/Furans 1.6E-006 0.0E+000 0.0E+000 1.6E-005 7.7E-005
Total Pesticides 0.0E+000 0.0E+000 0.0E+000 3.5E-006 9.1E-005
Total Inorganics (Arsenic) 0.0E+000 0.0E+000 0.0E+000 2.4E-008 0.0E+000
Total 4.2E-004 4.7E-004 6.8E-005 2.8E-004 6.0E-004
Risks by Pathway
Ingestion of Fish 4.2E-004 4.7E-004 6.7E-005 2.8E-004 6.0E-004
Ingestion of Waterfowl 0.0E+000 0.0E+000 0.0E+000 0.0E+000 0.0E+000
Ingestion/Dermal Contact with Water 3.5E-010 3.5E-010 4.3E-010 2.4E-008 1.9E-010
Inhalation of Indoor and Outdoor Air 1.5E-009 1.3E-009 1.6E-009 3.2E-009 1.5E-009
Ingestion/Dermal Contact with Sediment 0.0E+000 0.0E+000 0.0E+000 0.0E+000 0.0E+000
Total 4.2E-004 4.7E-004 6.8E-005 2.8E-004 6.0E-004
Percent of Total for Chemical Group
Total PCBs 99.62% 100.00% 100.00% 93.23% 71.98%
Total Dioxins/Furans 0.38% 0.00% 0.00% 5.52% 12.82%
Total Pesticides 0.00% 0.00% 0.00% 1.25% 15.20%
Total Inorganics (Arsenic) 0.00% 0.00% 0.00% 0.01% 0.00%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Percent of Total for Pathway
Ingestion of Fish 100.00% 100.00% 100.00% 99.99% 100.00%
Ingestion of Waterfowl 0.00% 0.00% 0.00% 0.00% 0.00%
Ingestion/Dermal Contact with Water 0.00% 0.00% 0.00% 0.01% 0.00%
Inhalation of Indoor and Outdoor Air 0.00% 0.00% 0.00% 0.00% 0.00%
Ingestion/Dermal Contact with Sediment 0.00% 0.00% 0.00% 0.00% 0.00%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Part 2: Focused PCB Evaluation
Risks
Total PCBs 4.2E-004 4.7E-004 6.8E-005 2.7E-004 4.3E-004
Total PCBs using Aroclor Data 1.1E-004 1.6E-004 5.7E-005 1.8E-004 8.9E-004
Total PCBs using Congener Data 6.3E-005 5.0E-009 3.7E-009 3.2E-004 5.0E-009
Ratio to Risk for Total PCBs
Total PCBs using Aroclor Data 27.0% 33.2% 85.1% 67.6% 205.7%
Total PCBs using Congener Data 15.0% 0.0% 0.0% 119.2% 0.0%



Table 5-53   Total Hazard Indices for the Subsistence Angler (CTE with Average Concentrations)

Little Lake Appleton to Little Rapids DePere to Green Bay
Chemical of Potential Concern Butte des Morts Little Rapids to DePere Green Bay

Part 1: Hazard Indices for All Chemicals
Hazard Indices by Chemical Group
Total PCBs 26.152 29.266 4.219 16.566 26.976
Total Dioxins/Furans 0.000 0.000 0.000 0.236 0.471
Total Pesticides 0.000 0.000 0.000 0.000 0.277
Arsenic 0.000 0.000 0.000 0.000 0.000
Mercury 0.355 0.963 0.626 0.708 0.516
Total 26.507 30.230 4.845 17.510 28.241
Hazard Indices by Pathway
Ingestion of Fish 26.470 30.229 4.825 17.510 28.203
Ingestion of Waterfowl 0.000 0.000 0.000 0.000 0.000
Ingestion/Dermal Contact with Water 0.001 0.000 0.002 0.000 0.001
Inhalation of Indoor and Outdoor Air 0.036 0.000 0.018 0.000 0.037
Ingestion/Dermal Contact with Sediment 0.000 0.000 0.000 0.000 0.000
Total 26.507 30.230 4.845 17.510 28.241
Percent of Total for Chemical Group
Total PCBs 98.66% 96.81% 87.07% 94.61% 95.52%
Total Dioxins/Furans 0.00% 0.00% 0.00% 1.35% 1.67%
Total Pesticides 0.00% 0.00% 0.00% 0.00% 0.98%
Arsenic 0.00% 0.00% 0.00% 0.00% 0.00%
Mercury 1.34% 3.19% 12.93% 4.05% 1.83%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Percent of Total for Pathway
Ingestion of Fish 99.86% 100.00% 99.59% 100.00% 99.87%
Ingestion of Waterfowl 0.00% 0.00% 0.00% 0.00% 0.00%
Ingestion/Dermal Contact with Water 0.00% 0.00% 0.03% 0.00% 0.00%
Inhalation of Indoor and Outdoor Air 0.13% 0.00% 0.37% 0.00% 0.13%
Ingestion/Dermal Contact with Sediment 0.00% 0.00% 0.00% 0.00% 0.00%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Part 2: Focused PCB Evaluation
Hazard Indices
Total PCBs 26.152 29.266 4.219 16.566 26.976
Total PCBs using Aroclor Data 7.057 9.726 3.592 11.206 55.502
Ratio to Hazard Index for Total PCBs
Total PCBs using Aroclor Data 27.0% 33.2% 85.1% 67.6% 205.7%



Table 5-54   Total Cancer Risks for the Hunter (RME with Upperbound Concentrations)

Little Lake Appleton to Little Rapids DePere to Green Bay
Chemical of Potential Concern Butte des Morts Little Rapids to DePere Green Bay

Part 1: Risk for All Chemicals
Risks by Chemical Group
Total PCBs 4.6E-005 5.4E-005 1.1E-004 5.4E-005 5.1E-005
Total Dioxins/Furans 0.0E+000 0.0E+000 0.0E+000 0.0E+000 0.0E+000
Total Pesticides 1.6E-005 1.4E-006 0.0E+000 1.1E-006 5.4E-005
Total Inorganics (Arsenic) 0.0E+000 0.0E+000 0.0E+000 1.4E-008 0.0E+000
Total 6.2E-005 5.5E-005 1.1E-004 5.5E-005 1.0E-004
Risks by Pathway
Ingestion of Fish 0.0E+000 0.0E+000 0.0E+000 0.0E+000 0.0E+000
Ingestion of Waterfowl 6.2E-005 5.5E-005 1.1E-004 5.5E-005 1.0E-004
Ingestion/Dermal Contact with Water 3.9E-010 4.4E-010 3.4E-010 1.5E-008 1.5E-010
Inhalation of Indoor and Outdoor Air 2.8E-009 2.8E-009 2.1E-009 4.2E-009 2.1E-009
Ingestion/Dermal Contact with Sediment 0.0E+000 0.0E+000 0.0E+000 0.0E+000 0.0E+000
Total 6.2E-005 5.5E-005 1.1E-004 5.5E-005 1.0E-004
Percent of Total for Chemical Group
Total PCBs 74.56% 97.49% 100.00% 98.03% 48.60%
Total Dioxins/Furans 0.00% 0.00% 0.00% 0.00% 0.00%
Total Pesticides 25.44% 2.51% 0.00% 1.94% 51.40%
Total Inorganics (Arsenic) 0.00% 0.00% 0.00% 0.03% 0.00%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Percent of Total for Pathway
Ingestion of Fish 0.00% 0.00% 0.00% 0.00% 0.00%
Ingestion of Waterfowl 99.99% 99.99% 100.00% 99.97% 100.00%
Ingestion/Dermal Contact with Water 0.00% 0.00% 0.00% 0.03% 0.00%
Inhalation of Indoor and Outdoor Air 0.00% 0.01% 0.00% 0.01% 0.00%
Ingestion/Dermal Contact with Sediment 0.00% 0.00% 0.00% 0.00% 0.00%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Part 2: Focused PCB Evaluation
Risks
Total PCBs 4.6E-005 5.4E-005 1.1E-004 5.4E-005 5.1E-005
Total PCBs using Aroclor Data 0.0E+000 0.0E+000 0.0E+000 0.0E+000 0.0E+000
Total PCBs using Congener Data 6.9E-009 5.9E-009 4.3E-009 7.1E-009 7.0E-009
Ratio to Risk for Total PCBs
Total PCBs using Aroclor Data 0.0% 0.0% 0.0% 0.0% 0.0%
Total PCBs using Congener Data 0.0% 0.0% 0.0% 0.0% 0.0%



Table 5-55   Total Hazard Indices for the Hunter (RME with Upperbound Concentrations)

Little Lake Appleton to Little Rapids DePere to Green Bay
Chemical of Potential Concern Butte des Morts Little Rapids to DePere Green Bay

Part 1: Hazard Indices for All Chemicals
Hazard Indices by Chemical Group
Total PCBs 1.733 2.010 4.281 2.015 1.899
Total Dioxins/Furans 0.000 0.000 0.000 0.000 0.000
Total Pesticides 0.015 0.000 0.000 0.000 0.081
Arsenic 0.000 0.000 0.000 0.000 0.000
Mercury 0.055 0.066 0.018 0.025 0.201
Total 1.803 2.076 4.299 2.040 2.181
Hazard Indices by Pathway
Ingestion of Fish 0.000 0.000 0.000 0.000 0.000
Ingestion of Waterfowl 1.748 2.075 4.281 2.040 2.146
Ingestion/Dermal Contact with Water 0.001 0.000 0.001 0.000 0.000
Inhalation of Indoor and Outdoor Air 0.054 0.000 0.017 0.000 0.035
Ingestion/Dermal Contact with Sediment 0.000 0.000 0.000 0.000 0.000
Total 1.803 2.076 4.299 2.040 2.181
Percent of Total for Chemical Group
Total PCBs 96.11% 96.83% 99.59% 98.76% 87.08%
Total Dioxins/Furans 0.00% 0.00% 0.00% 0.00% 0.00%
Total Pesticides 0.83% 0.00% 0.00% 0.00% 3.70%
Arsenic 0.00% 0.00% 0.00% 0.00% 0.00%
Mercury 3.05% 3.17% 0.41% 1.24% 9.23%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Percent of Total for Pathway
Ingestion of Fish 0.00% 0.00% 0.00% 0.00% 0.00%
Ingestion of Waterfowl 96.94% 99.98% 99.59% 99.99% 98.39%
Ingestion/Dermal Contact with Water 0.04% 0.00% 0.02% 0.01% 0.02%
Inhalation of Indoor and Outdoor Air 3.02% 0.02% 0.40% 0.00% 1.59%
Ingestion/Dermal Contact with Sediment 0.00% 0.00% 0.00% 0.00% 0.00%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Part 2: Focused PCB Evaluation
Hazard Indices
Total PCBs 1.733 2.010 4.281 2.015 1.899
Total PCBs using Aroclor Data 0.000 0.000 0.000 0.000 0.000
Ratio to Hazard Index for Total PCBs
Total PCBs using Aroclor Data 0.0% 0.0% 0.0% 0.0% 0.0%



Table 5-56   Total Cancer Risks for the Hunter (RME with Average Concentrations)

Little Lake Appleton to Little Rapids DePere to Green Bay
Chemical of Potential Concern Butte des Morts Little Rapids to DePere Green Bay

Part 1: Risk for All Chemicals
Risks by Chemical Group
Total PCBs 2.6E-005 3.6E-005 3.0E-005 1.6E-005 2.8E-005
Total Dioxins/Furans 0.0E+000 0.0E+000 0.0E+000 0.0E+000 0.0E+000
Total Pesticides 7.9E-006 9.2E-007 0.0E+000 4.7E-007 1.8E-005
Total Inorganics (Arsenic) 0.0E+000 0.0E+000 0.0E+000 1.4E-008 0.0E+000
Total 3.4E-005 3.7E-005 3.0E-005 1.6E-005 4.7E-005
Risks by Pathway
Ingestion of Fish 0.0E+000 0.0E+000 0.0E+000 0.0E+000 0.0E+000
Ingestion of Waterfowl 3.4E-005 3.7E-005 3.0E-005 1.6E-005 4.7E-005
Ingestion/Dermal Contact with Water 2.5E-010 2.4E-010 3.0E-010 1.5E-008 1.3E-010
Inhalation of Indoor and Outdoor Air 1.8E-009 1.5E-009 1.9E-009 3.8E-009 1.8E-009
Ingestion/Dermal Contact with Sediment 0.0E+000 0.0E+000 0.0E+000 0.0E+000 0.0E+000
Total 3.4E-005 3.7E-005 3.0E-005 1.6E-005 4.7E-005
Percent of Total for Chemical Group
Total PCBs 77.08% 97.53% 100.00% 97.02% 61.23%
Total Dioxins/Furans 0.00% 0.00% 0.00% 0.00% 0.00%
Total Pesticides 22.92% 2.47% 0.00% 2.89% 38.77%
Total Inorganics (Arsenic) 0.00% 0.00% 0.00% 0.09% 0.00%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Percent of Total for Pathway
Ingestion of Fish 0.00% 0.00% 0.00% 0.00% 0.00%
Ingestion of Waterfowl 99.99% 100.00% 99.99% 99.89% 100.00%
Ingestion/Dermal Contact with Water 0.00% 0.00% 0.00% 0.09% 0.00%
Inhalation of Indoor and Outdoor Air 0.01% 0.00% 0.01% 0.02% 0.00%
Ingestion/Dermal Contact with Sediment 0.00% 0.00% 0.00% 0.00% 0.00%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Part 2: Focused PCB Evaluation
Risks
Total PCBs 2.6E-005 3.6E-005 3.0E-005 1.6E-005 2.8E-005
Total PCBs using Aroclor Data 0.0E+000 0.0E+000 0.0E+000 0.0E+000 0.0E+000
Total PCBs using Congener Data 5.7E-009 5.1E-009 3.9E-009 6.2E-009 5.5E-009
Ratio to Risk for Total PCBs
Total PCBs using Aroclor Data 0.0% 0.0% 0.0% 0.0% 0.0%
Total PCBs using Congener Data 0.0% 0.0% 0.0% 0.0% 0.0%



Table 5-57   Total Hazard Indices for the Hunter (RME with Average Concentrations)

Little Lake Appleton to Little Rapids DePere to Green Bay
Chemical of Potential Concern Butte des Morts Little Rapids to DePere Green Bay

Part 1: Hazard Indices for All Chemicals
Hazard Indices by Chemical Group
Total PCBs 0.991 1.363 1.137 0.589 1.068
Total Dioxins/Furans 0.000 0.000 0.000 0.000 0.000
Total Pesticides 0.011 0.000 0.000 0.000 0.030
Arsenic 0.000 0.000 0.000 0.000 0.000
Mercury 0.026 0.015 0.013 0.025 0.075
Total 1.028 1.378 1.150 0.614 1.173
Hazard Indices by Pathway
Ingestion of Fish 0.000 0.000 0.000 0.000 0.000
Ingestion of Waterfowl 1.003 1.377 1.137 0.614 1.147
Ingestion/Dermal Contact with Water 0.000 0.000 0.001 0.000 0.000
Inhalation of Indoor and Outdoor Air 0.025 0.000 0.013 0.000 0.026
Ingestion/Dermal Contact with Sediment 0.000 0.000 0.000 0.000 0.000
Total 1.028 1.378 1.150 0.614 1.173
Percent of Total for Chemical Group
Total PCBs 96.41% 98.90% 98.85% 95.89% 91.03%
Total Dioxins/Furans 0.00% 0.00% 0.00% 0.00% 0.00%
Total Pesticides 1.10% 0.00% 0.00% 0.00% 2.58%
Arsenic 0.00% 0.00% 0.00% 0.01% 0.00%
Mercury 2.49% 1.10% 1.15% 4.10% 6.39%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Percent of Total for Pathway
Ingestion of Fish 0.00% 0.00% 0.00% 0.00% 0.00%
Ingestion of Waterfowl 97.51% 99.97% 98.84% 99.97% 97.77%
Ingestion/Dermal Contact with Water 0.03% 0.00% 0.05% 0.03% 0.03%
Inhalation of Indoor and Outdoor Air 2.46% 0.02% 1.11% 0.00% 2.20%
Ingestion/Dermal Contact with Sediment 0.00% 0.00% 0.00% 0.00% 0.00%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Part 2: Focused PCB Evaluation
Hazard Indices
Total PCBs 0.991 1.363 1.137 0.589 1.068
Total PCBs using Aroclor Data 0.000 0.000 0.000 0.000 0.000
Ratio to Hazard Index for Total PCBs
Total PCBs using Aroclor Data 0.0% 0.0% 0.0% 0.0% 0.0%



Table 5-58   Total Cancer Risks for the Hunter (CTE with Average Concentrations)

Little Lake Appleton to Little Rapids DePere to Green Bay
Chemical of Potential Concern Butte des Morts Little Rapids to DePere Green Bay

Part 1: Risk for All Chemicals
Risks by Chemical Group
Total PCBs 7.9E-006 1.1E-005 9.1E-006 4.7E-006 8.5E-006
Total Dioxins/Furans 0.0E+000 0.0E+000 0.0E+000 0.0E+000 0.0E+000
Total Pesticides 2.4E-006 2.8E-007 0.0E+000 1.4E-007 5.4E-006
Total Inorganics (Arsenic) 0.0E+000 0.0E+000 0.0E+000 4.2E-009 0.0E+000
Total 1.0E-005 1.1E-005 9.1E-006 4.9E-006 1.4E-005
Risks by Pathway
Ingestion of Fish 0.0E+000 0.0E+000 0.0E+000 0.0E+000 0.0E+000
Ingestion of Waterfowl 1.0E-005 1.1E-005 9.1E-006 4.8E-006 1.4E-005
Ingestion/Dermal Contact with Water 6.3E-011 6.1E-011 7.6E-011 4.3E-009 3.3E-011
Inhalation of Indoor and Outdoor Air 5.3E-010 4.6E-010 5.6E-010 1.1E-009 5.4E-010
Ingestion/Dermal Contact with Sediment 0.0E+000 0.0E+000 0.0E+000 0.0E+000 0.0E+000
Total 1.0E-005 1.1E-005 9.1E-006 4.9E-006 1.4E-005
Percent of Total for Chemical Group
Total PCBs 77.08% 97.53% 100.00% 97.02% 61.23%
Total Dioxins/Furans 0.00% 0.00% 0.00% 0.00% 0.00%
Total Pesticides 22.92% 2.47% 0.00% 2.89% 38.77%
Total Inorganics (Arsenic) 0.00% 0.00% 0.00% 0.09% 0.00%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Percent of Total for Pathway
Ingestion of Fish 0.00% 0.00% 0.00% 0.00% 0.00%
Ingestion of Waterfowl 99.99% 100.00% 99.99% 99.89% 100.00%
Ingestion/Dermal Contact with Water 0.00% 0.00% 0.00% 0.09% 0.00%
Inhalation of Indoor and Outdoor Air 0.01% 0.00% 0.01% 0.02% 0.00%
Ingestion/Dermal Contact with Sediment 0.00% 0.00% 0.00% 0.00% 0.00%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Part 2: Focused PCB Evaluation
Risks
Total PCBs 7.9E-006 1.1E-005 9.1E-006 4.7E-006 8.5E-006
Total PCBs using Aroclor Data 0.0E+000 0.0E+000 0.0E+000 0.0E+000 0.0E+000
Total PCBs using Congener Data 1.7E-009 1.5E-009 1.1E-009 1.8E-009 1.6E-009
Ratio to Risk for Total PCBs
Total PCBs using Aroclor Data 0.0% 0.0% 0.0% 0.0% 0.0%
Total PCBs using Congener Data 0.0% 0.0% 0.0% 0.0% 0.0%



Table 5-59   Total Hazard Indices for the Hunter (CTE with Average Concentrations)

Little Lake Appleton to Little Rapids DePere to Green Bay
Chemical of Potential Concern Butte des Morts Little Rapids to DePere Green Bay

Part 1: Hazard Indices for All Chemicals
Hazard Indices by Chemical Group
Total PCBs 0.496 0.681 0.568 0.294 0.534
Total Dioxins/Furans 0.000 0.000 0.000 0.000 0.000
Total Pesticides 0.006 0.000 0.000 0.000 0.015
Arsenic 0.000 0.000 0.000 0.000 0.000
Mercury 0.013 0.008 0.007 0.013 0.037
Total 0.514 0.689 0.575 0.307 0.587
Hazard Indices by Pathway
Ingestion of Fish 0.000 0.000 0.000 0.000 0.000
Ingestion of Waterfowl 0.501 0.689 0.568 0.307 0.573
Ingestion/Dermal Contact with Water 0.000 0.000 0.000 0.000 0.000
Inhalation of Indoor and Outdoor Air 0.013 0.000 0.006 0.000 0.013
Ingestion/Dermal Contact with Sediment 0.000 0.000 0.000 0.000 0.000
Total 0.514 0.689 0.575 0.307 0.587
Percent of Total for Chemical Group
Total PCBs 96.41% 98.90% 98.85% 95.89% 91.03%
Total Dioxins/Furans 0.00% 0.00% 0.00% 0.00% 0.00%
Total Pesticides 1.10% 0.00% 0.00% 0.00% 2.58%
Arsenic 0.00% 0.00% 0.00% 0.01% 0.00%
Mercury 2.49% 1.10% 1.15% 4.10% 6.39%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Percent of Total for Pathway
Ingestion of Fish 0.00% 0.00% 0.00% 0.00% 0.00%
Ingestion of Waterfowl 97.51% 99.97% 98.84% 99.97% 97.77%
Ingestion/Dermal Contact with Water 0.03% 0.00% 0.05% 0.02% 0.03%
Inhalation of Indoor and Outdoor Air 2.46% 0.02% 1.11% 0.00% 2.20%
Ingestion/Dermal Contact with Sediment 0.00% 0.00% 0.00% 0.00% 0.00%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Part 2: Focused PCB Evaluation
Hazard Indices
Total PCBs 0.496 0.681 0.568 0.294 0.534
Total PCBs using Aroclor Data 0.000 0.000 0.000 0.000 0.000
Ratio to Hazard Index for Total PCBs
Total PCBs using Aroclor Data 0.0% 0.0% 0.0% 0.0% 0.0%



Table 5-60   Total Cancer Risks for the Drinking Water User (RME with Upperbound Concentrations)

Little Lake Appleton to Little Rapids DePere to Green Bay
Chemical of Potential Concern Butte des Morts Little Rapids to DePere Green Bay

Part 1: Risk for All Chemicals
Risks by Chemical Group
Total PCBs 2.5E-007 2.8E-007 2.2E-007 4.2E-007 9.7E-008
Total Dioxins/Furans 0.0E+000 0.0E+000 0.0E+000 0.0E+000 0.0E+000
Total Pesticides 0.0E+000 0.0E+000 0.0E+000 8.1E-010 0.0E+000
Total Inorganics (Arsenic) 0.0E+000 0.0E+000 0.0E+000 3.8E-005 0.0E+000
Total 2.5E-007 2.8E-007 2.2E-007 3.8E-005 9.7E-008
Risks by Pathway
Ingestion of Fish 0.0E+000 0.0E+000 0.0E+000 0.0E+000 0.0E+000
Ingestion of Waterfowl 0.0E+000 0.0E+000 0.0E+000 0.0E+000 0.0E+000
Ingestion/Dermal Contact with Water 2.4E-007 2.8E-007 2.1E-007 3.8E-005 9.5E-008
Inhalation of Indoor and Outdoor Air 6.8E-009 7.7E-009 5.9E-009 1.1E-008 2.6E-009
Ingestion/Dermal Contact with Sediment 0.0E+000 0.0E+000 0.0E+000 0.0E+000 0.0E+000
Total 2.5E-007 2.8E-007 2.2E-007 3.8E-005 9.7E-008
Percent of Total for Chemical Group
Total PCBs 100.00% 100.00% 100.00% 1.09% 100.00%
Total Dioxins/Furans 0.00% 0.00% 0.00% 0.00% 0.00%
Total Pesticides 0.00% 0.00% 0.00% 0.00% 0.00%
Total Inorganics (Arsenic) 0.00% 0.00% 0.00% 98.91% 0.00%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Percent of Total for Pathway
Ingestion of Fish 0.00% 0.00% 0.00% 0.00% 0.00%
Ingestion of Waterfowl 0.00% 0.00% 0.00% 0.00% 0.00%
Ingestion/Dermal Contact with Water 97.28% 97.28% 97.28% 99.97% 97.28%
Inhalation of Indoor and Outdoor Air 2.72% 2.72% 2.72% 0.03% 2.72%
Ingestion/Dermal Contact with Sediment 0.00% 0.00% 0.00% 0.00% 0.00%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Part 2: Focused PCB Evaluation
Risks
Total PCBs 2.5E-007 2.8E-007 2.2E-007 4.2E-007 9.7E-008
Total PCBs using Aroclor Data 0.0E+000 0.0E+000 0.0E+000 0.0E+000 0.0E+000
Total PCBs using Congener Data 7.9E-007 7.3E-007 5.5E-007 7.7E-007 3.9E-007
Ratio to Risk for Total PCBs
Total PCBs using Aroclor Data 0.0% 0.0% 0.0% 0.0% 0.0%
Total PCBs using Congener Data 317.3% 257.1% 251.4% 183.8% 397.9%



Table 5-61   Total Hazard Indices for the Drinking Water User (RME with Upperbound Concentrations)

Little Lake Appleton to Little Rapids DePere to Green Bay
Chemical of Potential Concern Butte des Morts Little Rapids to DePere Green Bay

Part 1: Hazard Indices for All Chemicals
Hazard Indices by Chemical Group
Total PCBs 0.081 0.092 0.070 0.135 0.032
Total Dioxins/Furans 0.000 0.000 0.000 0.000 0.000
Total Pesticides 0.000 0.000 0.000 0.000 0.000
Arsenic 0.000 0.000 0.000 0.210 0.000
Mercury 3.476 0.023 3.154 0.003 2.253
Total 3.557 0.115 3.225 0.349 2.285
Hazard Indices by Pathway
Ingestion of Fish 0.000 0.000 0.000 0.000 0.000
Ingestion of Waterfowl 0.000 0.000 0.000 0.000 0.000
Ingestion/Dermal Contact with Water 3.079 0.112 3.056 0.349 2.129
Inhalation of Indoor and Outdoor Air 0.478 0.003 0.169 0.000 0.156
Ingestion/Dermal Contact with Sediment 0.000 0.000 0.000 0.000 0.000
Total 3.557 0.115 3.225 0.349 2.285
Percent of Total for Chemical Group
Total PCBs 2.28% 80.07% 2.19% 38.79% 1.38%
Total Dioxins/Furans 0.00% 0.00% 0.00% 0.00% 0.00%
Total Pesticides 0.00% 0.00% 0.00% 0.00% 0.00%
Arsenic 0.00% 0.00% 0.00% 60.21% 0.00%
Mercury 97.72% 19.93% 97.81% 0.99% 98.62%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Percent of Total for Pathway
Ingestion of Fish 0.00% 0.00% 0.00% 0.00% 0.00%
Ingestion of Waterfowl 0.00% 0.00% 0.00% 0.00% 0.00%
Ingestion/Dermal Contact with Water 86.57% 97.26% 94.77% 99.97% 93.18%
Inhalation of Indoor and Outdoor Air 13.43% 2.74% 5.23% 0.03% 6.82%
Ingestion/Dermal Contact with Sediment 0.00% 0.00% 0.00% 0.00% 0.00%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Part 2: Focused PCB Evaluation
Hazard Indices
Total PCBs 0.081 0.092 0.070 0.135 0.032
Total PCBs using Aroclor Data 0.000 0.000 0.000 0.000 0.000
Ratio to Hazard Index for Total PCBs
Total PCBs using Aroclor Data 0.0% 0.0% 0.0% 0.0% 0.0%



Table 5-62   Total Hazard Indices for the Drinking Water User (RME with Upperbound Concentrations 
and Recent Mercury Data)

Little Lake Appleton to Little Rapids DePere to Green Bay
Chemical of Potential Concern Butte des Morts Little Rapids to DePere Green Bay

Part 1: Hazard Indices for All Chemicals
Hazard Indices by Chemical Group
Total PCBs 0.081 0.092 0.070 0.135 0.032
Total Dioxins/Furans 0.000 0.000 0.000 0.000 0.000
Total Pesticides 0.000 0.000 0.000 0.000 0.000
Arsenic 0.000 0.000 0.000 0.210 0.000
Mercury 0.089 0.023 0.089 0.003 0.089
Total 0.170 0.115 0.159 0.349 0.120
Hazard Indices by Pathway
Ingestion of Fish 0.000 0.000 0.000 0.000 0.000
Ingestion of Waterfowl 0.000 0.000 0.000 0.000 0.000
Ingestion/Dermal Contact with Water 0.157 0.112 0.147 0.349 0.108
Inhalation of Indoor and Outdoor Air 0.012 0.003 0.012 0.000 0.012
Ingestion/Dermal Contact with Sediment 0.000 0.000 0.000 0.000 0.000
Total 0.170 0.115 0.159 0.349 0.120
Percent of Total for Chemical Group
Total PCBs 47.77% 80.07% 44.30% 38.79% 26.30%
Total Dioxins/Furans 0.00% 0.00% 0.00% 0.00% 0.00%
Total Pesticides 0.00% 0.00% 0.00% 0.00% 0.00%
Arsenic 0.00% 0.00% 0.00% 60.21% 0.00%
Mercury 52.23% 19.93% 55.70% 0.99% 73.70%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Percent of Total for Pathway
Ingestion of Fish 0.00% 0.00% 0.00% 0.00% 0.00%
Ingestion of Waterfowl 0.00% 0.00% 0.00% 0.00% 0.00%
Ingestion/Dermal Contact with Water 92.82% 97.26% 92.35% 99.97% 89.87%
Inhalation of Indoor and Outdoor Air 7.18% 2.74% 7.65% 0.03% 10.13%
Ingestion/Dermal Contact with Sediment 0.00% 0.00% 0.00% 0.00% 0.00%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Part 2: Focused PCB Evaluation
Hazard Indices
Total PCBs 0.081 0.092 0.070 0.135 0.032
Total PCBs using Aroclor Data 0.000 0.000 0.000 0.000 0.000
Ratio to Hazard Index for Total PCBs
Total PCBs using Aroclor Data 0.0% 0.0% 0.0% 0.0% 0.0%



Table 5-63   Total Cancer Risks for the Local Resident (RME with Upperbound Concentrations)

Little Lake Appleton to Little Rapids DePere to Green Bay
Chemical of Potential Concern Butte des Morts Little Rapids to DePere Green Bay

Part 1: Risk for All Chemicals
Risks by Chemical Group
Total PCBs 1.2E-007 1.2E-007 9.0E-008 1.8E-007 8.9E-008
Total Dioxins/Furans 0.0E+000 0.0E+000 0.0E+000 0.0E+000 0.0E+000
Total Pesticides 0.0E+000 0.0E+000 0.0E+000 0.0E+000 0.0E+000
Total Inorganics (Arsenic) 0.0E+000 0.0E+000 0.0E+000 0.0E+000 0.0E+000
Total 1.2E-007 1.2E-007 9.0E-008 1.8E-007 8.9E-008
Risks by Pathway
Ingestion of Fish 0.0E+000 0.0E+000 0.0E+000 0.0E+000 0.0E+000
Ingestion of Waterfowl 0.0E+000 0.0E+000 0.0E+000 0.0E+000 0.0E+000
Ingestion/Dermal Contact with Water 0.0E+000 0.0E+000 0.0E+000 0.0E+000 0.0E+000
Inhalation of Indoor and Outdoor Air 1.2E-007 1.2E-007 9.0E-008 1.8E-007 8.9E-008
Ingestion/Dermal Contact with Sediment 0.0E+000 0.0E+000 0.0E+000 0.0E+000 0.0E+000
Total 1.2E-007 1.2E-007 9.0E-008 1.8E-007 8.9E-008
Percent of Total for Chemical Group
Total PCBs 100.00% 100.00% 100.00% 100.00% 100.00%
Total Dioxins/Furans 0.00% 0.00% 0.00% 0.00% 0.00%
Total Pesticides 0.00% 0.00% 0.00% 0.00% 0.00%
Total Inorganics (Arsenic) 0.00% 0.00% 0.00% 0.00% 0.00%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Percent of Total for Pathway
Ingestion of Fish 0.00% 0.00% 0.00% 0.00% 0.00%
Ingestion of Waterfowl 0.00% 0.00% 0.00% 0.00% 0.00%
Ingestion/Dermal Contact with Water 0.00% 0.00% 0.00% 0.00% 0.00%
Inhalation of Indoor and Outdoor Air 100.00% 100.00% 100.00% 100.00% 100.00%
Ingestion/Dermal Contact with Sediment 0.00% 0.00% 0.00% 0.00% 0.00%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Part 2: Focused PCB Evaluation
Risks
Total PCBs 1.2E-007 1.2E-007 9.0E-008 1.8E-007 8.9E-008
Total PCBs using Aroclor Data 0.0E+000 0.0E+000 0.0E+000 0.0E+000 0.0E+000
Total PCBs using Congener Data 2.4E-007 2.0E-007 1.5E-007 2.5E-007 2.7E-007
Ratio to Risk for Total PCBs
Total PCBs using Aroclor Data 0.0% 0.0% 0.0% 0.0% 0.0%
Total PCBs using Congener Data 203.9% 172.5% 163.4% 139.3% 304.9%



Table 5-64   Total Hazard Indices for the Local Resident (RME with Upperbound Concentrations)

Little Lake Appleton to Little Rapids DePere to Green Bay
Chemical of Potential Concern Butte des Morts Little Rapids to DePere Green Bay

Part 1: Hazard Indices for All Chemicals
Hazard Indices by Chemical Group
Total PCBs 0.000 0.000 0.000 0.000 0.000
Total Dioxins/Furans 0.000 0.000 0.000 0.000 0.000
Total Pesticides 0.000 0.000 0.000 0.000 0.000
Arsenic 0.000 0.000 0.000 0.000 0.000
Mercury 3.823 0.022 1.194 0.001 2.430
Total 3.823 0.022 1.194 0.001 2.430
Hazard Indices by Pathway
Ingestion of Fish 0.000 0.000 0.000 0.000 0.000
Ingestion of Waterfowl 0.000 0.000 0.000 0.000 0.000
Ingestion/Dermal Contact with Water 0.000 0.000 0.000 0.000 0.000
Inhalation of Indoor and Outdoor Air 3.823 0.022 1.194 0.001 2.430
Ingestion/Dermal Contact with Sediment 0.000 0.000 0.000 0.000 0.000
Total 3.823 0.022 1.194 0.001 2.430
Percent of Total for Chemical Group
Total PCBs 0.00% 0.00% 0.00% 0.00% 0.00%
Total Dioxins/Furans 0.00% 0.00% 0.00% 0.00% 0.00%
Total Pesticides 0.00% 0.00% 0.00% 0.00% 0.00%
Arsenic 0.00% 0.00% 0.00% 0.00% 0.00%
Mercury 100.00% 100.00% 100.00% 100.00% 100.00%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Percent of Total for Pathway
Ingestion of Fish 0.00% 0.00% 0.00% 0.00% 0.00%
Ingestion of Waterfowl 0.00% 0.00% 0.00% 0.00% 0.00%
Ingestion/Dermal Contact with Water 0.00% 0.00% 0.00% 0.00% 0.00%
Inhalation of Indoor and Outdoor Air 100.00% 100.00% 100.00% 100.00% 100.00%
Ingestion/Dermal Contact with Sediment 0.00% 0.00% 0.00% 0.00% 0.00%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Part 2: Focused PCB Evaluation
Hazard Indices
Total PCBs 0.000 0.000 0.000 0.000 0.000
Total PCBs using Aroclor Data 0.000 0.000 0.000 0.000 0.000
Ratio to Hazard Index for Total PCBs
Total PCBs using Aroclor Data NA NA NA NA NA



Table 5-65   Total Hazard Indices for the Local Resident (RME with Upperbound Concentrations and 
Recent Mercury Data)

Little Lake Appleton to Little Rapids DePere to Green Bay
Chemical of Potential Concern Butte des Morts Little Rapids to DePere Green Bay

Part 1: Hazard Indices for All Chemicals
Hazard Indices by Chemical Group
Total PCBs 0.000 0.000 0.000 0.000 0.000
Total Dioxins/Furans 0.000 0.000 0.000 0.000 0.000
Total Pesticides 0.000 0.000 0.000 0.000 0.000
Arsenic 0.000 0.000 0.000 0.000 0.000
Mercury 0.097 0.022 0.086 0.001 0.190
Total 0.097 0.022 0.086 0.001 0.190
Hazard Indices by Pathway
Ingestion of Fish 0.000 0.000 0.000 0.000 0.000
Ingestion of Waterfowl 0.000 0.000 0.000 0.000 0.000
Ingestion/Dermal Contact with Water 0.000 0.000 0.000 0.000 0.000
Inhalation of Indoor and Outdoor Air 0.097 0.022 0.086 0.001 0.190
Ingestion/Dermal Contact with Sediment 0.000 0.000 0.000 0.000 0.000
Total 0.097 0.022 0.086 0.001 0.190
Percent of Total for Chemical Group
Total PCBs 0.00% 0.00% 0.00% 0.00% 0.00%
Total Dioxins/Furans 0.00% 0.00% 0.00% 0.00% 0.00%
Total Pesticides 0.00% 0.00% 0.00% 0.00% 0.00%
Arsenic 0.00% 0.00% 0.00% 0.00% 0.00%
Mercury 100.00% 100.00% 100.00% 100.00% 100.00%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Percent of Total for Pathway
Ingestion of Fish 0.00% 0.00% 0.00% 0.00% 0.00%
Ingestion of Waterfowl 0.00% 0.00% 0.00% 0.00% 0.00%
Ingestion/Dermal Contact with Water 0.00% 0.00% 0.00% 0.00% 0.00%
Inhalation of Indoor and Outdoor Air 100.00% 100.00% 100.00% 100.00% 100.00%
Ingestion/Dermal Contact with Sediment 0.00% 0.00% 0.00% 0.00% 0.00%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Part 2: Focused PCB Evaluation
Hazard Indices
Total PCBs 0.000 0.000 0.000 0.000 0.000
Total PCBs using Aroclor Data 0.000 0.000 0.000 0.000 0.000
Ratio to Hazard Index for Total PCBs
Total PCBs using Aroclor Data NA NA NA NA NA



Table 5-66   Total Cancer Risks for the Recreational Water User: Swimmer (RME with Upperbound 
Concentrations)

Little Lake Appleton to Little Rapids DePere to Green Bay
Chemical of Potential Concern Butte des Morts Little Rapids to DePere Green Bay

Part 1: Risk for All Chemicals
Risks by Chemical Group
Total PCBs 5.9E-008 4.1E-008 5.1E-008 6.9E-008 1.6E-008
Total Dioxins/Furans 3.9E-009 1.6E-008 6.0E-009 0.0E+000 0.0E+000
Total Pesticides 4.0E-010 5.5E-010 4.8E-011 5.5E-011 0.0E+000
Total Inorganics (Arsenic) 4.9E-008 7.0E-008 5.5E-008 1.7E-007 0.0E+000
Total 1.1E-007 1.3E-007 1.1E-007 2.4E-007 1.6E-008
Risks by Pathway
Ingestion of Fish 0.0E+000 0.0E+000 0.0E+000 0.0E+000 0.0E+000
Ingestion of Waterfowl 0.0E+000 0.0E+000 0.0E+000 0.0E+000 0.0E+000
Ingestion/Dermal Contact with Water 2.5E-008 2.8E-008 2.1E-008 6.8E-008 9.6E-009
Inhalation of Indoor and Outdoor Air 1.0E-009 1.0E-009 7.7E-010 1.5E-009 7.6E-010
Ingestion/Dermal Contact with Sediment 8.7E-008 9.8E-008 9.0E-008 1.7E-007 5.8E-009
Total 1.1E-007 1.3E-007 1.1E-007 2.4E-007 1.6E-008
Percent of Total for Chemical Group
Total PCBs 52.65% 32.08% 45.63% 28.93% 100.00%
Total Dioxins/Furans 3.43% 12.42% 5.36% 0.00% 0.00%
Total Pesticides 0.36% 0.43% 0.04% 0.02% 0.00%
Total Inorganics (Arsenic) 43.56% 55.07% 48.96% 71.04% 0.00%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Percent of Total for Pathway
Ingestion of Fish 0.00% 0.00% 0.00% 0.00% 0.00%
Ingestion of Waterfowl 0.00% 0.00% 0.00% 0.00% 0.00%
Ingestion/Dermal Contact with Water 21.92% 22.04% 19.17% 28.56% 59.61%
Inhalation of Indoor and Outdoor Air 0.89% 0.79% 0.69% 0.64% 4.69%
Ingestion/Dermal Contact with Sediment 77.19% 77.17% 80.14% 70.80% 35.69%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Part 2: Focused PCB Evaluation
Risks
Total PCBs 5.9E-008 4.1E-008 5.1E-008 6.9E-008 1.6E-008
Total PCBs using Aroclor Data 2.3E-007 3.6E-007 2.1E-007 9.8E-008 0.0E+000
Total PCBs using Congener Data 1.4E-007 2.4E-007 1.6E-007 1.2E-007 5.5E-008
Ratio to Risk for Total PCBs
Total PCBs using Aroclor Data 383.4% 875.8% 420.9% 142.5% 0.0%
Total PCBs using Congener Data 236.7% 591.8% 313.8% 172.8% 342.8%



Table 5-67   Total Hazard Indices for the Recreational Water User: Swimmer (RME with Upperbound 
Concentrations)

Little Lake Appleton to Little Rapids DePere to Green Bay
Chemical of Potential Concern Butte des Morts Little Rapids to DePere Green Bay

Part 1: Hazard Indices for All Chemicals
Hazard Indices by Chemical Group
Total PCBs 0.012 0.011 0.012 0.019 0.004
Total Dioxins/Furans 0.000 0.000 0.000 0.000 0.000
Total Pesticides 0.000 0.000 0.000 0.000 0.000
Arsenic 0.000 0.000 0.000 0.001 0.000
Mercury 0.035 0.001 0.012 0.000 0.022
Total 0.047 0.013 0.025 0.020 0.026
Hazard Indices by Pathway
Ingestion of Fish 0.000 0.000 0.000 0.000 0.000
Ingestion of Waterfowl 0.000 0.000 0.000 0.000 0.000
Ingestion/Dermal Contact with Water 0.011 0.010 0.009 0.014 0.004
Inhalation of Indoor and Outdoor Air 0.033 0.000 0.010 0.000 0.021
Ingestion/Dermal Contact with Sediment 0.004 0.003 0.006 0.005 0.001
Total 0.047 0.013 0.025 0.020 0.026
Percent of Total for Chemical Group
Total PCBs 25.70% 91.12% 48.83% 94.20% 16.53%
Total Dioxins/Furans 0.06% 0.76% 0.16% 0.00% 0.00%
Total Pesticides 0.00% 0.05% 0.00% 0.00% 0.00%
Arsenic 0.58% 3.10% 1.22% 4.75% 0.00%
Mercury 73.66% 4.96% 49.78% 1.06% 83.47%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Percent of Total for Pathway
Ingestion of Fish 0.00% 0.00% 0.00% 0.00% 0.00%
Ingestion of Waterfowl 0.00% 0.00% 0.00% 0.00% 0.00%
Ingestion/Dermal Contact with Water 22.44% 77.61% 35.26% 73.11% 16.76%
Inhalation of Indoor and Outdoor Air 69.06% 1.52% 40.87% 0.04% 79.50%
Ingestion/Dermal Contact with Sediment 8.49% 20.88% 23.86% 26.86% 3.74%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Part 2: Focused PCB Evaluation
Hazard Indices
Total PCBs 0.012 0.011 0.012 0.019 0.004
Total PCBs using Aroclor Data 0.039 0.085 0.055 0.025 0.000
Ratio to Hazard Index for Total PCBs
Total PCBs using Aroclor Data 321.3% 744.4% 453.2% 135.0% 0.0%



Table 5-68   Total Cancer Risks for the Recreational Water User: Wader (RME with Upperbound 
Concentrations)

Little Lake Appleton to Little Rapids DePere to Green Bay
Chemical of Potential Concern Butte des Morts Little Rapids to DePere Green Bay

Part 1: Risk for All Chemicals
Risks by Chemical Group
Total PCBs 1.0E-007 3.2E-008 7.2E-008 6.5E-008 1.4E-008
Total Dioxins/Furans 9.0E-009 3.6E-008 1.4E-008 0.0E+000 0.0E+000
Total Pesticides 1.5E-009 2.2E-009 1.9E-010 2.7E-011 0.0E+000
Total Inorganics (Arsenic) 7.4E-008 1.1E-007 8.3E-008 2.2E-007 0.0E+000
Total 1.9E-007 1.8E-007 1.7E-007 2.9E-007 1.4E-008
Risks by Pathway
Ingestion of Fish 0.0E+000 0.0E+000 0.0E+000 0.0E+000 0.0E+000
Ingestion of Waterfowl 0.0E+000 0.0E+000 0.0E+000 0.0E+000 0.0E+000
Ingestion/Dermal Contact with Water 8.9E-010 1.0E-009 7.7E-010 7.8E-009 3.5E-010
Inhalation of Indoor and Outdoor Air 8.8E-011 8.8E-011 6.7E-011 1.3E-010 6.7E-011
Ingestion/Dermal Contact with Sediment 1.9E-007 1.8E-007 1.7E-007 2.8E-007 1.4E-008
Total 1.9E-007 1.8E-007 1.7E-007 2.9E-007 1.4E-008
Percent of Total for Chemical Group
Total PCBs 54.58% 18.16% 42.47% 22.67% 100.00%
Total Dioxins/Furans 4.83% 20.50% 8.03% 0.00% 0.00%
Total Pesticides 0.82% 1.23% 0.11% 0.01% 0.00%
Total Inorganics (Arsenic) 39.77% 60.11% 49.39% 77.32% 0.00%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Percent of Total for Pathway
Ingestion of Fish 0.00% 0.00% 0.00% 0.00% 0.00%
Ingestion of Waterfowl 0.00% 0.00% 0.00% 0.00% 0.00%
Ingestion/Dermal Contact with Water 0.47% 0.57% 0.46% 2.71% 2.42%
Inhalation of Indoor and Outdoor Air 0.05% 0.05% 0.04% 0.05% 0.47%
Ingestion/Dermal Contact with Sediment 99.48% 99.38% 99.50% 97.24% 97.11%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Part 2: Focused PCB Evaluation
Risks
Total PCBs 1.0E-007 3.2E-008 7.2E-008 6.5E-008 1.4E-008
Total PCBs using Aroclor Data 5.4E-007 6.2E-007 3.3E-007 1.5E-007 0.0E+000
Total PCBs using Congener Data 1.8E-007 4.1E-007 2.3E-007 9.6E-008 3.5E-008
Ratio to Risk for Total PCBs
Total PCBs using Aroclor Data 529.4% 1927.9% 465.9% 234.2% 0.0%
Total PCBs using Congener Data 172.2% 1268.8% 327.8% 146.8% 248.4%



Table 5-69   Total Hazard Indices for the Recreational Water User: Wader (RME with Upperbound 
Concentrations)

Little Lake Appleton to Little Rapids DePere to Green Bay
Chemical of Potential Concern Butte des Morts Little Rapids to DePere Green Bay

Part 1: Hazard Indices for All Chemicals
Hazard Indices by Chemical Group
Total PCBs 0.025 0.009 0.021 0.020 0.004
Total Dioxins/Furans 0.000 0.001 0.000 0.000 0.000
Total Pesticides 0.000 0.000 0.000 0.000 0.000
Arsenic 0.001 0.002 0.001 0.004 0.000
Mercury 0.010 0.001 0.007 0.001 0.006
Total 0.037 0.013 0.029 0.024 0.011
Hazard Indices by Pathway
Ingestion of Fish 0.000 0.000 0.000 0.000 0.000
Ingestion of Waterfowl 0.000 0.000 0.000 0.000 0.000
Ingestion/Dermal Contact with Water 0.002 0.001 0.002 0.002 0.001
Inhalation of Indoor and Outdoor Air 0.009 0.000 0.003 0.000 0.005
Ingestion/Dermal Contact with Sediment 0.025 0.012 0.024 0.023 0.004
Total 0.037 0.013 0.029 0.024 0.011
Percent of Total for Chemical Group
Total PCBs 67.42% 71.53% 72.02% 82.31% 40.55%
Total Dioxins/Furans 0.54% 4.76% 0.88% 0.00% 0.00%
Total Pesticides 0.05% 0.60% 0.01% 0.00% 0.00%
Arsenic 3.40% 13.58% 4.73% 15.33% 0.00%
Mercury 28.60% 9.54% 22.36% 2.36% 59.45%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Percent of Total for Pathway
Ingestion of Fish 0.00% 0.00% 0.00% 0.00% 0.00%
Ingestion of Waterfowl 0.00% 0.00% 0.00% 0.00% 0.00%
Ingestion/Dermal Contact with Water 6.61% 8.09% 7.56% 6.81% 12.51%
Inhalation of Indoor and Outdoor Air 23.58% 0.38% 9.17% 0.01% 50.23%
Ingestion/Dermal Contact with Sediment 69.80% 91.52% 83.26% 93.18% 37.26%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Part 2: Focused PCB Evaluation
Hazard Indices
Total PCBs 0.025 0.009 0.021 0.020 0.004
Total PCBs using Aroclor Data 0.160 0.251 0.151 0.069 0.000
Ratio to Hazard Index for Total PCBs
Total PCBs using Aroclor Data 650.2% 2692.4% 715.8% 346.6% 0.0%



Table 5-70   Total Cancer Risks for the Marine Construction Worker (RME with Upperbound 
Concentrations)

Little Lake Appleton to Little Rapids DePere to Green Bay
Chemical of Potential Concern Butte des Morts Little Rapids to DePere Green Bay

Part 1: Risk for All Chemicals
Risks by Chemical Group
Total PCBs 3.2E-007 9.8E-008 2.1E-007 1.9E-007 4.3E-008
Total Dioxins/Furans 3.4E-008 1.3E-007 5.0E-008 0.0E+000 0.0E+000
Total Pesticides 4.4E-009 6.3E-009 5.5E-010 7.6E-011 0.0E+000
Total Inorganics (Arsenic) 1.4E-007 2.0E-007 1.6E-007 4.3E-007 0.0E+000
Total 5.0E-007 4.4E-007 4.2E-007 6.2E-007 4.3E-008
Risks by Pathway
Ingestion of Fish 0.0E+000 0.0E+000 0.0E+000 0.0E+000 0.0E+000
Ingestion of Waterfowl 0.0E+000 0.0E+000 0.0E+000 0.0E+000 0.0E+000
Ingestion/Dermal Contact with Water 1.6E-009 1.8E-009 1.4E-009 1.7E-008 6.3E-010
Inhalation of Indoor and Outdoor Air 4.1E-009 4.2E-009 3.2E-009 6.4E-009 3.2E-009
Ingestion/Dermal Contact with Sediment 4.9E-007 4.4E-007 4.1E-007 6.0E-007 4.0E-008
Total 5.0E-007 4.4E-007 4.2E-007 6.2E-007 4.3E-008
Percent of Total for Chemical Group
Total PCBs 63.70% 22.08% 49.78% 30.88% 100.00%
Total Dioxins/Furans 6.78% 30.41% 11.91% 0.00% 0.00%
Total Pesticides 0.89% 1.42% 0.13% 0.01% 0.00%
Total Inorganics (Arsenic) 28.64% 46.09% 38.17% 69.11% 0.00%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Percent of Total for Pathway
Ingestion of Fish 0.00% 0.00% 0.00% 0.00% 0.00%
Ingestion of Waterfowl 0.00% 0.00% 0.00% 0.00% 0.00%
Ingestion/Dermal Contact with Water 0.32% 0.42% 0.34% 2.80% 1.46%
Inhalation of Indoor and Outdoor Air 0.83% 0.94% 0.76% 1.02% 7.27%
Ingestion/Dermal Contact with Sediment 98.84% 98.64% 98.90% 96.18% 91.28%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Part 2: Focused PCB Evaluation
Risks
Total PCBs 3.2E-007 9.8E-008 2.1E-007 1.9E-007 4.3E-008
Total PCBs using Aroclor Data 1.5E-006 1.5E-006 7.5E-007 3.4E-007 0.0E+000
Total PCBs using Congener Data 5.4E-007 1.2E-006 6.5E-007 2.7E-007 1.1E-007
Ratio to Risk for Total PCBs
Total PCBs using Aroclor Data 484.6% 1537.6% 359.4% 179.3% 0.0%
Total PCBs using Congener Data 169.7% 1196.6% 312.3% 140.2% 244.1%



Table 5-71   Total Hazard Indices for the Marine Construction Worker (RME with Upperbound 
Concentrations)

Little Lake Appleton to Little Rapids DePere to Green Bay
Chemical of Potential Concern Butte des Morts Little Rapids to DePere Green Bay

Part 1: Hazard Indices for All Chemicals
Hazard Indices by Chemical Group
Total PCBs 0.026 0.008 0.017 0.016 0.003
Total Dioxins/Furans 0.000 0.001 0.000 0.000 0.000
Total Pesticides 0.000 0.000 0.000 0.000 0.000
Arsenic 0.001 0.001 0.001 0.003 0.000
Mercury 0.165 0.003 0.056 0.001 0.105
Total 0.192 0.013 0.074 0.020 0.108
Hazard Indices by Pathway
Ingestion of Fish 0.000 0.000 0.000 0.000 0.000
Ingestion of Waterfowl 0.000 0.000 0.000 0.000 0.000
Ingestion/Dermal Contact with Water 0.002 0.001 0.002 0.001 0.001
Inhalation of Indoor and Outdoor Air 0.163 0.001 0.051 0.000 0.104
Ingestion/Dermal Contact with Sediment 0.027 0.011 0.021 0.018 0.003
Total 0.192 0.013 0.074 0.020 0.108
Percent of Total for Chemical Group
Total PCBs 13.52% 62.67% 23.08% 81.36% 3.21%
Total Dioxins/Furans 0.15% 6.87% 0.50% 0.00% 0.00%
Total Pesticides 0.01% 0.69% 0.01% 0.00% 0.00%
Arsenic 0.50% 10.39% 1.44% 14.60% 0.00%
Mercury 85.82% 19.37% 74.98% 4.04% 96.79%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Percent of Total for Pathway
Ingestion of Fish 0.00% 0.00% 0.00% 0.00% 0.00%
Ingestion of Waterfowl 0.00% 0.00% 0.00% 0.00% 0.00%
Ingestion/Dermal Contact with Water 1.07% 5.91% 2.59% 6.25% 1.12%
Inhalation of Indoor and Outdoor Air 84.87% 7.27% 68.78% 0.18% 95.92%
Ingestion/Dermal Contact with Sediment 14.06% 86.82% 28.63% 93.57% 2.97%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Part 2: Focused PCB Evaluation
Hazard Indices
Total PCBs 0.026 0.008 0.017 0.016 0.003
Total PCBs using Aroclor Data 0.125 0.122 0.061 0.028 0.000
Ratio to Hazard Index for Total PCBs
Total PCBs using Aroclor Data 480.8% 1485.6% 354.9% 174.9% 0.0%



Table 5-72        Cancer Risks for the Lower Fox River and Green Bay

Receptor/Scenario

Little
Lake

Butte des
Morts
Reach

Appleton
to Little
Rapids
Reach

Little
Rapids to
DePere
Reach

DePere to
Green
Bay

Reach

Green Bay

Recreational Angler
RME with Upperbound

Concentrations
2.80E-003 2.8E-003 3.9E-004 1.5E-003 4.4E-003

RME with Average
Concentrations

2.0E-003 2.2E-003 3.1E-004 1.30E-003 2.8E-003

CTE with Average
Concentrations

3.0E-004 3.3E-004 4.8E-005 2.0E-004 4.30E-004

Subsistence Angler
RME with Upperbound

Concentrations
3.8E-003 3.8E-003 5.3E-004 2.10E-003 6.0E-003

RME with Average
Concentrations

2.7E-003 3.0E-003 4.3E-004 1.8E-003 3.80E-003

CTE with Average
Concentrations

4.2E-004 4.7E-004 6.80E-005 2.8E-004 6.0E-004

Hunter
RME with Upperbound

Concentrations
6.2E-005 5.5E-005 1.1E-004 5.50E-005 1.0E-004

RME with Average
Concentrations

3.4E-005 3.7E-005 3.0E-005 1.6E-005 4.70E-005

CTE with Average
Concentrations

1.0E-005 1.1E-005 9.10E-006 4.9E-006 1.4E-005

Drinking Water User
RME with Upperbound

Concentrations
2.5E-007 2.8E-007 2.2E-007 3.80E-005 9.7E-008

Local Resident
RME with Upperbound

Concentrations
1.2E-007 1.2E-007 9.0E-008 1.80E-007 8.9E-008

Recreational Water User--Swimmer
RME with Upperbound

Concentrations
1.1E-007 1.3E-007 1.1E-007 2.40E-007 1.6E-008

Recreational Water User--Wader
RME with Upperbound

Concentrations
1.9E-007 1.8E-007 1.7E-007 2.90E-007 1.4E-008

Marine Construction Worker
RME with Upperbound

Concentrations
5.0E-007 4.4E-007 4.2E-007 6.20E-007 4.3E-008



Table 5-73        Hazard Indices for the Lower Fox River and Green Bay

Receptor/Scenario

Little
Lake

Butte des
Morts
Reach

Appleton
to Little
Rapids
Reach

Little
Rapids to
DePere
Reach

DePere to
Green
Bay

Reach

Green Bay

Recreational Angler
RME with Upperbound

Concentrations 106.3 108.8 16.8 56.5 124.7

RME with Average
Concentrations 74.0 84.3 13.5 48.9 78.9

CTE with Average
Concentrations 18.8 21.4 3.4 12.4 20.0

Subsistence Angler
RME with Upperbound

Concentrations 145.5 149.1 22.9 77.4 170.8

RME with Average
Concentrations 101.3 115.6 18.5 67.0 108.0

CTE with Average
Concentrations 26.5 30.2 4.8 17.5 28.2

Hunter
RME with Upperbound

Concentrations 1.8 2.1 4.3 2.0 2.2

RME with Average
Concentrations 1.0 1.4 1.2 0.6 1.2

CTE with Average
Concentrations 0.5 0.7 0.6 0.3 0.6

Drinking Water User
RME with Upperbound

Concentrations 3.60 0.12 3.20 0.35 2.30

RME with Upperbound
Concentrations and Recent

Mercury Data
0.17 0.12 0.16 0.35 0.12

Local Resident
RME with Upperbound

Concentrations 3.800 0.022 1.200 0.001 2.400

RME with Upperbound
Concentrations and Recent

Mercury Data
0.097 0.022 0.086 0.001 0.190

Recreational Water User--Swimmer
RME with Upperbound

Concentrations 0.047 0.013 0.025 0.020 0.026

Recreational Water User--Wader
RME with Upperbound

Concentrations 0.037 0.013 0.029 0.024 0.011

Marine Construction Worker
RME with Upperbound

Concentrations 0.190 0.013 0.074 0.020 0.110



Baseline Human Health and Ecological Risk Assessment

Human Health Risk Assessment 5-261

Table 5-74 Summary of Lead Data in Surface Sediment Samples

Reach of Lower Fox River
Frequency of Range of Detected

Detection Concentrations (mg/kg)

Little Lake Butte des Morts 12/12 3.99 J–300

Appleton to Little Rapids 4/4 5.17–280

Little Rapids to De Pere 17/17 6.15–1,400

De Pere to Green Bay 76/76 4.44–350

Reference/Background 4/4 20–39



Baseline Human Health and Ecological Risk Assessment

Table 5-75 Fish Species with Fillet and Skin Tissue Samples for Total
PCBs

Black Bullhead
Black Crappie
Bluegill
Brook Trout
Brown Bullhead
Brown Trout
Burbot
Carp
Chinook Salmon
Cisco/Lake Herring
Freshwater Drum
Lake Trout
Lake Whitefish
Largemouth Bass
Northern Pike
Pumpkinseed
Rainbow Smelt
Rock Bass
Sauger
Smallmouth Bass
Splake
Walleye
White Bass
White Perch
White Sucker
Yellow Perch



Table 5-76  Parameters in PCB Fish Concentration Reduction Models

A. Single Exponential Model

To Cfisho k removal Coef. of
River Reach or half life Determin.
Green Bay Zone (year) (ug/kg) (1/year) (years)
Little Lake Butte des Morts 1976 1302 0.1007 6.9 0.3419
Appleton to Little Rapids 1979 2518 0.1562 4.4 0.4779
Little Rapids to DePere 1992 496 0.05135 13 0.0182
DePere to Green Bay 1977 2603 0.04694 15 0.1152
Green Bay Zone 3B 1976 1921 0.004798 144 0.000595

B. Double Exponential Model

To Cfisho k1 removal T1 Cfish1 k2 removal Coef. of
River Reach or half life1 half life 2 Determin.
Green Bay Zone (year) (ug/kg) (1/year) (years) (year) (ug/kg) (1/year) (years)
Little Lake Butte des Morts 1976 2246 0.1757 3.9 1984 542 0.0809 8.6 0.39
Appleton to Little Rapids 1979 2539 0.1669 4.2 1985 894 0.151 4.6 0.476
Little Rapids to DePere 1992 --- --- --- --- --- --- --- ---
DePere to Green Bay 1977 4680 0.1299 5.3 1987 1269 0.00919 75 0.1742
Green Bay Zone 3B 1976 --- --- --- --- --- --- --- ---



Sample Type
Number of 
Samples

Median 
(µg/Kg)

Average       
(µg/Kg)

95th Percentile 
(µg/Kg)

Maximum 
Detected Conc. 

(µg/Kg)

Little Lake Butte des Morts Reach
All Fish Samples 201                    930              3,550                 18,000               39,000               
All Fish Samples in 1990s 42                      280              878                    4,052                 7,900                 
All Carp Samples 56                      5,750           9,764                 30,250               39,000               
All Carp Samples in 1990s 8                        3,800           3,464                 6,570                 7,900                 
All Perch Samples 28                      340              460                    1,041                 1,400                 
All Perch Samples in 1990s NA NA NA NA NA
All Walleye Samples 54                      505              768                    2,505                 5,200                 
All Walleye Samples in 1990s 19                      320              302                    520                    520                    
All White Bass Samples 20                      210              304                    405                    2,200                 
All White Bass Samples in 1990s 14                      200              189                    280                    280                    

Appleton to Little Rapids Reach
All Fish Samples 105                    1,500           4,175                 16,800               57,000               
All Fish Samples in 1990s 17                      580              685                    1,500                 2,300                 
All Carp Samples 24                      6,850           12,014               36,200               57,000               
All Carp Samples in 1990s NA NA NA NA NA
All Perch Samples 2                        270              270                    423                    440                    
All Perch Samples in 1990s NA NA NA NA NA
All Walleye Samples 30                      1,095           2,197                 6,785                 14,000               
All Walleye Samples in 1990s 5                        140              300                    632                    660                    
All White Bass Samples 8                        880              1,335                 3,275                 3,800                 
All White Bass Samples in 1990s 7                        760              983                    1,940                 2,300                 

Little Rapids to DePere Reach
All Fish Samples 63                      440              579                    1,200                 3,600                 
All Fish Samples in 1990s 63                      440              579                    1,200                 3,600                 
All Carp Samples NA NA NA NA NA
All Carp Samples in 1990s NA NA NA NA NA
All Perch Samples 4                        565              565                    871                    920                    
All Perch Samples in 1990s 4                        565              565                    871                    920                    
All Walleye Samples 37                      440              587                    1,220                 2,800                 
All Walleye Samples in 1990s 37                      440              587                    1,220                 2,800                 
All White Bass Samples 9                        550              776                    2,468                 3,600                 
All White Bass Samples in 1990s 9                        550              776                    2,468                 3,600                 

DePere to Green Bay Reach
All Fish Samples 298                    1,485           2,127                 5,375                 50,000               
All Fish Samples in 1990s 161                    1,100           1,451                 3,900                 4,800                 
All Carp Samples 9                        6,800           11,589               34,800               50,000               
All Carp Samples in 1990s NA NA NA NA NA
All Perch Samples 6                        1,850           2,192                 4,575                 5,300                 
All Perch Samples in 1990s 2                        1,850           1,850                 2,165                 2,200                 
All Walleye Samples 112                    1,485           1,676                 3,890                 8,100                 
All Walleye Samples in 1990s 69                      1,000           1,409                 3,640                 4,600                 
All White Bass Samples 53                      2,400           2,828                 6,080                 8,400                 
All White Bass Samples in 1990s 38                      2,300           2,297                 4,232                 4,800                 

Notes:  Perch data includes White Perch and Yellow Perch samples.
     The average is used in the risk calculations.  Other statistics are provided to supply information on the datasets.

Table 5-77  Summary of Total PCB Concentrations in Fish Tissue Samples from the Lower 
Fox River



Sample Type
Number of 
Samples

Median 
(µg/Kg) Average    (µg/Kg)

95th Percentile 
(µg/Kg)

Maximum 
Detected Conc. 

(µg/Kg)

Green Bay Zone 2
All Fish Samples 118                    2,082          3,967                 13,000               34,000               
All Fish Samples in 1990s 39                      1,457          1,381                 2,730                 3,100                 
All Carp Samples 28                      7,588          8,860                 16,584               34,000               
All Carp Samples in 1990s NA NA NA NA NA
All Perch Samples 30                      745            1,129                 2,865                 3,100                 
All Perch Samples in 1990s 22                      630            1,270                 2,985                 3,100                 
All Walleye Samples 17                      1,480          1,525                 2,128                 2,383                 
All Walleye Samples from 1989 on 17                      1,480          1,525                 2,128                 2,383                 
All White Bass Samples 3                        2,400          4,167                 7,440                 8,000                 
All White Bass Samples In 1990s NA NA NA NA NA

Green Bay Zone 3A
All Fish Samples 268                    1,700          2,010                 4,510                 11,697               
All Fish Samples in 1990s 94                      940            1,268                 3,370                 5,500                 
All Carp Samples 5                        5,200          6,344                 10,918               11,697               
All Carp Samples in 1990s 5                        5,200          6,344                 10,918               11,697               
All Perch Samples 20                      1,250          1,869                 4,835                 5,500                 
All Perch Samples in 1990s 19                      1,300          1,955                 4,870                 5,500                 
All Walleye Samples 5                        1,072          1,134                 1,741                 1,820                 
All Walleye Samples from 1989 on 5                        1,072          1,134                 1,741                 1,820                 
All White Bass Samples NA NA NA NA NA
All White Bass Samples In 1990s NA NA NA NA NA

Green Bay Zone 3B
All Fish Samples 102                    2,218          3,568                 11,900               24,000               
All Fish Samples in 1990s 9                        970            1,039                 1,344                 1,370                 
All Carp Samples 16                      7,800          8,475                 18,750               24,000               
All Carp Samples in 1990s NA NA NA NA NA
All Perch Samples 12                      825            817                    1,335                 1,500                 
All Perch Samples in 1990s 5                        970            1,000                 1,180                 1,200                 
All Walleye Samples 23                      2,300          2,510                 5,060                 8,100                 
All Walleye Samples from 1989 on 4                        1,080          1,088                 1,360                 1,370                 
All White Bass Samples NA NA NA NA NA
All White Bass Samples In 1990s NA NA NA NA NA

Green Bay Zone 4
All Fish Samples 60                      1,275          2,322                 6,335                 38,000               
All Fish Samples in 1990s 16                      985            907                    1,470                 1,510                 
All Carp Samples 1                        1,696          1,696                 1,696                 1,696                 
All Carp Samples in 1990s NA NA NA NA NA
All Perch Samples NA NA NA NA NA
All Perch Samples in 1990s NA NA NA NA NA
All Walleye Samples 6                        1,345          1,298                 1,497                 1,510                 
All Walleye Samples from 1989 on 6                        1,345          1,298                 1,497                 1,510                 
All White Bass Samples NA NA NA NA NA
All White Bass Samples In 1990s NA NA NA NA NA

Notes:  All fish samples includes Walleye data from 1989.
      Perch data includes White Perch and Yellow Perch samples.
      The average is used in the risk calculations.  Other statistics are provided to supply information on the datasets.

Table 5-78  Summary of Total PCB Concentrations in Fish Tissue Samples from Green Bay



Figure 5-79  PCB Concentrations in Skin on Fillet Fish 
Samples from Lake Winnebago

Sample Concentration
Fish Specie Date (ug/Kg)
White Bass 07/31/92 < 40
Walleye 07/31/92 < 40
Walleye 07/31/92 < 40
Walleye 07/31/92 42
White Bass 08/04/92 130
White Bass 08/04/92 140
Northern Pike 08/11/92 71

Average 63.3



Table 5-80  Intake Assumptions and Toxicological Parameters for the Recreational Angler

1989 Michigan Study 1993 Michigan Study Avg. of Mich. Studies 1989 Wisconsin Study  
RME CTE RME CTE RME CTE RME CTE

Parameter (West et al., 1989) (West et al., 1993)
(West et al., 1989; West et al.

, 1993) (Fiore et al., 1989)
Intake Parameters
IR  (g/day) 39 12 78 17 58.5 14.5 227 227
RF  (mg/mg) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
ABS  (mg/mg) 1 1 1 1 1 1 1 1
CF  (kg/g) 1.00E-003 1.00E-003 1.00E-003 1.00E-003 1.00E-003 1.00E-003 1.00E-003 1.00E-003
EF  (days/yr) 365 365 365 365 365 365 60 18
ED  (years) 50 30 50 30 50 30 50 30
BW  (kg) 71.8 71.8 71.8 71.8 71.8 71.8 71.8 71.8
ATc  (days) 27375 27375 27375 27375 27375 27375 27375 27375
ATnc  (days) 18250 10950 18250 10950 18250 10950 18250 10950
Cancer Slope Factor
CSF  (mg/Kg-day)^-1 2 2 2 2 2 2 2 2
Reference Dose
RfD  (mg/Kg-day) 2.0E-005 2.0E-005 2.0E-005 2.0E-005 2.0E-005 2.0E-005 2.0E-005 2.0E-005
Cancer Intake Factor
IntFacC  (Kg-fish/Kg-BW-day) 1.8E-004 3.3E-005 3.6E-004 4.7E-005 2.7E-004 4.0E-005 1.7E-004 3.1E-005
Noncancer Intake Factor
IntFacNc  (Kg-fish/Kg-BW-day) 2.7E-004 8.4E-005 5.4E-004 1.2E-004 4.1E-004 1.0E-004 2.6E-004 7.8E-005



Table 5-81  Intake Assumptions and Toxicological Parameters for the Subsistence Angler

Low Income Minority Native American Hmong
RME CTE RME CTE RME CTE

Parameter (West et al., 1993)
(Peterson et al., 1994 and Fiore

et al., 1989) (Hutchison and Kraft, 1994)
Intake Parameters
IR  (g/day) 110 43 227 227 227 227
RF  (mg/mg) 0.5 0.5 0.5 0.5 0.5 0.5
ABS  (mg/mg) 1 1 1 1 1 1
CF  (kg/g) 1.00E-003 1.00E-003 1.00E-003 1.00E-003 1.00E-003 1.00E-003
EF  (days/yr) 365 365 90 27 130 34
ED  (years) 50 30 50 30 50 30
BW  (kg) 71.8 71.8 71.8 71.8 71.8 71.8
ATc  (days) 27375 27375 27375 27375 27375 27375
ATnc  (days) 18250 10950 18250 10950 18250 10950
Cancer Slope Factor
CSF  (mg/Kg-day)^-1 2 2 2 2 2 2
Reference Dose
RfD  (mg/Kg-day) 2.0E-005 2.0E-005 2.0E-005 2.0E-005 2.0E-005 2.0E-005
Cancer Intake Factor
IntFacC  (Kg-fish/Kg-BW-day) 5.1E-004 1.2E-004 2.6E-004 4.7E-005 3.8E-004 5.9E-005
Noncancer Intake Factor
IntFacNc  (Kg-fish/Kg-BW-day) 7.7E-004 3.0E-004 3.9E-004 1.2E-004 5.6E-004 1.5E-004



Table 5-82  Cancer Risks by Lower Fox River Reach for the Recreational Angler

Average 1989 Michigan Study 1993 Michigan Study Avg. of Mich. Studies 1989 Wisconsin Study
Fish RME CTE RME CTE RME CTE RME CTE

Location
Conc.

(mg/Kg) (West et al., 1989) (West et al., 1993)
(West et al., 1989; West

et al., 1993) (Fiore et al., 1989)
  Little Lake Butte des Morts
    All Fish Samples in 1990s 0.878 3.2E-004 5.9E-005 6.4E-004 8.3E-005 4.8E-004 7.1E-005 3.0E-004 5.5E-005
    All Carp Samples in 1990s 3.464 1.3E-003 2.3E-004 2.5E-003 3.3E-004 1.9E-003 2.8E-004 1.2E-003 2.2E-004
    All Perch Samples in 1990s NA NA NA NA NA NA NA NA NA
    All Walleye Samples in 1990s 0.302 1.1E-004 2.0E-005 2.2E-004 2.9E-005 1.6E-004 2.4E-005 1.0E-004 1.9E-005
    All White Bass Samples in 1990s 0.189 6.8E-005 1.3E-005 1.4E-004 1.8E-005 1.0E-004 1.5E-005 6.5E-005 1.2E-005
  Appleton to Little Rapids
    All Fish Samples in 1990s 0.685 2.5E-004 4.6E-005 5.0E-004 6.5E-005 3.7E-004 5.5E-005 2.4E-004 4.3E-005
    All Carp Samples in 1990s NA NA NA NA NA NA NA NA NA
    All Perch Samples in 1990s NA NA NA NA NA NA NA NA NA
    All Walleye Samples in 1990s 0.300 1.1E-004 2.0E-005 2.2E-004 2.8E-005 1.6E-004 2.4E-005 1.0E-004 1.9E-005
    All White Bass Samples in 1990s 0.983 3.6E-004 6.6E-005 7.1E-004 9.3E-005 5.3E-004 7.9E-005 3.4E-004 6.1E-005
  Little Rapids to DePere
    All Fish Samples in 1990s 0.579 2.1E-004 3.9E-005 4.2E-004 5.5E-005 3.1E-004 4.7E-005 2.0E-004 3.6E-005
    All Carp Samples in 1990s NA NA NA NA NA NA NA NA NA
    All Perch Samples in 1990s 0.565 2.0E-004 3.8E-005 4.1E-004 5.4E-005 3.1E-004 4.6E-005 2.0E-004 3.5E-005
    All Walleye Samples in 1990s 0.587 2.1E-004 3.9E-005 4.3E-004 5.6E-005 3.2E-004 4.7E-005 2.0E-004 3.7E-005
    All White Bass Samples in 1990s 0.776 2.8E-004 5.2E-005 5.6E-004 7.3E-005 4.2E-004 6.3E-005 2.7E-004 4.8E-005
  DePere to Green Bay
    All Fish Samples in 1990s 1.451 5.3E-004 9.7E-005 1.1E-003 1.4E-004 7.9E-004 1.2E-004 5.0E-004 9.0E-005
    All Carp Samples in 1990s NA NA NA NA NA NA NA NA NA
    All Perch Samples in 1990s 1.850 6.7E-004 1.2E-004 1.3E-003 1.8E-004 1.0E-003 1.5E-004 6.4E-004 1.2E-004
    All Walleye Samples in 1990s 1.409 5.1E-004 9.4E-005 1.0E-003 1.3E-004 7.7E-004 1.1E-004 4.9E-004 8.8E-005
    All White Bass Samples in 1990s 2.297 8.3E-004 1.5E-004 1.7E-003 2.2E-004 1.2E-003 1.9E-004 8.0E-004 1.4E-004
  Lake Winnebago
    All Fish Samples in the 1990s 0.063 2.3E-005 4.2E-006 4.6E-005 6.0E-006 3.4E-005 5.1E-006 2.2E-005 3.9E-006
Notes: The most relevant risk calculations are for the All Fish Samples in 1990s dataset, which have been italicized.
          The risks for Lake Winnebago represent risks calculated using background fish samples.



Table 5-83  Cancer Risks by Green Bay Zone for the Recreational Angler

Average 1989 Michigan Study 1993 Michigan Study Avg. of Mich. Studies 1989 Wisconsin Study
Fish RME CTE RME CTE RME CTE RME CTE

Location
Conc.

(mg/Kg) (West et al., 1989) (West et al., 1993)
(West et al., 1989; West

et al., 1993) (Fiore et al., 1989)
  Green Bay Zone 2
    All Fish Samples in 1990s 1.381 5.0E-004 9.2E-005 1.0E-003 1.3E-004 7.5E-004 1.1E-004 4.8E-004 8.6E-005
    All Carp Samples in 1990s NA NA NA NA NA NA NA NA NA
    All Perch Samples in 1990s 1.27 4.6E-004 8.5E-005 9.2E-004 1.2E-004 6.9E-004 1.0E-004 4.4E-004 7.9E-005
    All Walleye Samples from 1989 on 1.525 5.5E-004 1.0E-004 1.1E-003 1.4E-004 8.3E-004 1.2E-004 5.3E-004 9.5E-005
    All White Bass Samples in 1990s NA NA NA NA NA NA NA NA NA
  Green Bay Zone 3A
    All Fish Samples in 1990s 1.268 4.6E-004 8.5E-005 9.2E-004 1.2E-004 6.9E-004 1.0E-004 4.4E-004 7.9E-005
    All Carp Samples in 1990s 6.344 2.3E-003 4.2E-004 4.6E-003 6.0E-004 3.4E-003 5.1E-004 2.2E-003 4.0E-004
    All Perch Samples in 1990s 1.955 7.1E-004 1.3E-004 1.4E-003 1.9E-004 1.1E-003 1.6E-004 6.8E-004 1.2E-004
    All Walleye Samples from 1989 on 1.134 4.1E-004 7.6E-005 8.2E-004 1.1E-004 6.2E-004 9.2E-005 3.9E-004 7.1E-005
    All White Bass Samples in 1990s NA NA NA NA NA NA NA NA NA
  Green Bay Zone 3B
    All Fish Samples in 1990s 1.039 3.8E-004 6.9E-005 7.5E-004 9.8E-005 5.6E-004 8.4E-005 3.6E-004 6.5E-005
    All Carp Samples in 1990s NA NA NA NA NA NA NA NA NA
    All Perch Samples in 1990s 1 3.6E-004 6.7E-005 7.2E-004 9.5E-005 5.4E-004 8.1E-005 3.5E-004 6.2E-005
    All Walleye Samples from 1989 on 1.088 3.9E-004 7.3E-005 7.9E-004 1.0E-004 5.9E-004 8.8E-005 3.8E-004 6.8E-005
    All White Bass Samples in 1990s NA NA NA NA NA NA NA NA NA
  Green Bay Zone 4
    All Fish Samples in 1990s 0.907 3.3E-004 6.1E-005 6.6E-004 8.6E-005 4.9E-004 7.3E-005 3.1E-004 5.7E-005
    All Carp Samples in 1990s NA NA NA NA NA NA NA NA NA
    All Perch Samples in 1990s NA NA NA NA NA NA NA NA NA
    All Walleye Samples from 1989 on 1.298 4.7E-004 8.7E-005 9.4E-004 1.2E-004 7.1E-004 1.0E-004 4.5E-004 8.1E-005
    All White Bass Samples in 1990s NA NA NA NA NA NA NA NA NA
  Lake Winnebago
    All Fish Samples in the 1990s 0.063 2.3E-005 4.2E-006 4.6E-005 6.0E-006 3.4E-005 5.1E-006 2.2E-005 3.9E-006
Notes: The most relevant risk calculations are for the All Fish Samples in 1990s dataset, which have been italicized.
          The risks for Lake Winnebago represent risks calculated using background fish samples.



Table 5-84  Hazard Indices by Lower Fox River Reach for the Recreational Angler

Average 1989 Michigan Study 1993 Michigan Study Avg. of Mich. Studies 1989 Wisconsin Study
Fish RME CTE RME CTE RME CTE RME CTE

Location
Conc.

(mg/Kg) (West et al., 1989) (West et al., 1993)
(West et al., 1989; West

et al., 1993) (Fiore et al., 1989)
  Little Lake Butte des Morts
    All Fish Samples in 1990s 0.878 11.9 3.7 23.8 5.2 17.9 4.4 11.4 3.4
    All Carp Samples in 1990s 3.464 47.0 14.5 94.1 20.5 70.6 17.5 45.0 13.5
    All Perch Samples in 1990s NA NA NA NA NA NA NA NA NA
    All Walleye Samples in 1990s 0.302 4.1 1.3 8.2 1.8 6.2 1.5 3.9 1.2
    All White Bass Samples in 1990s 0.189 2.6 0.8 5.1 1.1 3.8 1.0 2.5 0.7
  Appleton to Little Rapids
    All Fish Samples in 1990s 0.685 9.3 2.9 18.6 4.1 14.0 3.5 8.9 2.7
    All Carp Samples in 1990s NA NA NA NA NA NA NA NA NA
    All Perch Samples in 1990s NA NA NA NA NA NA NA NA NA
    All Walleye Samples in 1990s 0.300 4.1 1.3 8.1 1.8 6.1 1.5 3.9 1.2
    All White Bass Samples in 1990s 0.983 13.3 4.1 26.7 5.8 20.0 5.0 12.8 3.8
  Little Rapids to DePere
    All Fish Samples in 1990s 0.579 7.9 2.4 15.7 3.4 11.8 2.9 7.5 2.3
    All Carp Samples in 1990s NA NA NA NA NA NA NA NA NA
    All Perch Samples in 1990s 0.565 7.7 2.4 15.3 3.3 11.5 2.9 7.3 2.2
    All Walleye Samples in 1990s 0.587 8.0 2.5 15.9 3.5 12.0 3.0 7.6 2.3
    All White Bass Samples in 1990s 0.776 10.5 3.2 21.1 4.6 15.8 3.9 10.1 3.0
  DePere to Green Bay
    All Fish Samples in 1990s 1.451 19.7 6.1 39.4 8.6 29.6 7.3 18.9 5.7
    All Carp Samples in 1990s NA NA NA NA NA NA NA NA NA
    All Perch Samples in 1990s 1.850 25.1 7.7 50.2 11.0 37.7 9.3 24.0 7.2
    All Walleye Samples in 1990s 1.409 19.1 5.9 38.3 8.3 28.7 7.1 18.3 5.5
    All White Bass Samples in 1990s 2.297 31.2 9.6 62.4 13.6 46.8 11.6 29.8 9.0
  Lake Winnebago
    All Fish Samples in the 1990s 0.063 0.9 0.3 1.7 0.4 1.3 0.3 0.8 0.2
Notes: The most relevant risk calculations are for the All Fish Samples in 1990s dataset, which have been italicized.
          The risks for Lake Winnebago represent risks calculated using background fish samples.



Table 5-85  Hazard Indices by Green Bay Zone for the Recreational Angler

Average 1989 Michigan Study 1993 Michigan Study Avg. of Mich. Studies 1989 Wisconsin Study
Fish RME CTE RME CTE RME CTE RME CTE

Location
Conc.

(mg/Kg) (West et al., 1989) (West et al., 1993)
(West et al., 1989; West

et al., 1993) (Fiore et al., 1989)
  Green Bay Zone 2
    All Fish Samples in 1990s 1.381 18.8 5.8 37.5 8.2 28.1 7.0 17.9 5.4
    All Carp Samples in 1990s NA NA NA NA NA NA NA NA NA
    All Perch Samples in 1990s 1.27 17.2 5.3 34.5 7.5 25.9 6.4 16.5 5.0
    All Walleye Samples from 1989 on 1.525 20.7 6.4 41.4 9.0 31.1 7.7 19.8 5.9
    All White Bass Samples in 1990s NA NA NA NA NA NA NA NA NA
  Green Bay Zone 3A
    All Fish Samples in 1990s 1.268 17.2 5.3 34.4 7.5 25.8 6.4 16.5 4.9
    All Carp Samples in 1990s 6.344 86.1 26.5 172.3 37.6 129.2 32.0 82.4 24.7
    All Perch Samples in 1990s 1.955 26.5 8.2 53.1 11.6 39.8 9.9 25.4 7.6
    All Walleye Samples from 1989 on 1.134 15.4 4.7 30.8 6.7 23.1 5.7 14.7 4.4
    All White Bass Samples in 1990s NA NA NA NA NA NA NA NA NA
  Green Bay Zone 3B
    All Fish Samples in 1990s 1.039 14.1 4.3 28.2 6.2 21.2 5.2 13.5 4.0
    All Carp Samples in 1990s NA NA NA NA NA NA NA NA NA
    All Perch Samples in 1990s 1 13.6 4.2 27.2 5.9 20.4 5.0 13.0 3.9
    All Walleye Samples from 1989 on 1.088 14.8 4.5 29.5 6.4 22.2 5.5 14.1 4.2
    All White Bass Samples in 1990s NA NA NA NA NA NA NA NA NA
  Green Bay Zone 4
    All Fish Samples in 1990s 0.907 12.3 3.8 24.6 5.4 18.5 4.6 11.8 3.5
    All Carp Samples in 1990s NA NA NA NA NA NA NA NA NA
    All Perch Samples in 1990s NA NA NA NA NA NA NA NA NA
    All Walleye Samples from 1989 on 1.298 17.6 5.4 35.3 7.7 26.4 6.6 16.9 5.1
    All White Bass Samples in 1990s NA NA NA NA NA NA NA NA NA
  Lake Winnebago
    All Fish Samples in the 1990s 0.063 0.9 0.3 1.7 0.4 1.3 0.3 0.8 0.2
Notes: The most relevant risk calculations are for the All Fish Samples in 1990s dataset, which have been italicized.
          The risks for Lake Winnebago represent risks calculated using background fish samples.



Table 5-86  Cancer Risks by Lower Fox River for the Subsistence Angler

Average Low Income Minority Native American Hmong
Fish RME CTE RME CTE RME CTE

Location
Conc.      (mg/

Kg) (West et al., 1993)
(Peterson et al., 1994 and

Fiore et al., 1989) (Hutchison and Kraft, 1994)
  Little Lake Butte des Morts
    All Fish Samples in 1990s 0.878 9.0E-004 2.1E-004 4.6E-004 8.2E-005 6.6E-004 1.0E-004
    All Carp Samples in 1990s 3.464 3.5E-003 8.3E-004 1.8E-003 3.2E-004 2.6E-003 4.1E-004
    All Perch Samples in 1990s NA NA NA NA NA NA NA
    All Walleye Samples in 1990s 0.302 3.1E-004 7.2E-005 1.6E-004 2.8E-005 2.3E-004 3.6E-005
    All White Bass Samples in 1990s 0.189 1.9E-004 4.5E-005 9.8E-005 1.8E-005 1.4E-004 2.2E-005
  Appleton to Little Rapids
    All Fish Samples in 1990s 0.685 7.0E-004 1.6E-004 3.6E-004 6.4E-005 5.1E-004 8.1E-005
    All Carp Samples in 1990s NA NA NA NA NA NA NA
    All Perch Samples in 1990s NA NA NA NA NA NA NA
    All Walleye Samples in 1990s 0.3 3.1E-004 7.2E-005 1.6E-004 2.8E-005 2.3E-004 3.5E-005
    All White Bass Samples in 1990s 0.983 1.0E-003 2.4E-004 5.1E-004 9.2E-005 7.4E-004 1.2E-004
  Little Rapids to DePere
    All Fish Samples in 1990s 0.579 5.9E-004 1.4E-004 3.0E-004 5.4E-005 4.3E-004 6.8E-005
    All Carp Samples in 1990s NA NA NA NA NA NA NA
    All Perch Samples in 1990s 0.565 5.8E-004 1.4E-004 2.9E-004 5.3E-005 4.2E-004 6.7E-005
    All Walleye Samples in 1990s 0.587 6.0E-004 1.4E-004 3.1E-004 5.5E-005 4.4E-004 6.9E-005
    All White Bass Samples in 1990s 0.776 7.9E-004 1.9E-004 4.0E-004 7.3E-005 5.8E-004 9.1E-005
  DePere to Green Bay
    All Fish Samples in 1990s 1.451 1.5E-003 3.5E-004 7.5E-004 1.4E-004 1.1E-003 1.7E-004
    All Carp Samples in 1990s NA NA NA NA NA NA NA
    All Perch Samples in 1990s 1.85 1.9E-003 4.4E-004 9.6E-004 1.7E-004 1.4E-003 2.2E-004
    All Walleye Samples in 1990s 1.409 1.4E-003 3.4E-004 7.3E-004 1.3E-004 1.1E-003 1.7E-004
    All White Bass Samples in 1990s 2.297 2.3E-003 5.5E-004 1.2E-003 2.1E-004 1.7E-003 2.7E-004
  Lake Winnebago
    All Fish Samples in the 1990s 0.063 6.4E-005 1.5E-005 3.3E-005 5.9E-006 4.7E-005 7.4E-006
Notes: The most relevant risk calculations are for the All Fish Samples in 1990s dataset, which have been italicized.
          The risks for Lake Winnebago represent risks calculated using background fish samples.



Table 5-87  Cancer Risks by Green Bay Zone for the Subsistence Angler

Average Low Income Minority Native American Hmong
Fish RME CTE RME CTE RME CTE

Location
Conc.      (mg/

Kg) (West et al., 1993)
(Peterson et al., 1994 and

Fiore et al., 1989)
(Hutchison and Kraft,

1994)
  Green Bay Zone 2
    All Fish Samples in 1990s 1.381 1.4E-003 3.3E-004 7.2E-004 1.3E-004 1.0E-003 1.6E-004
    All Carp Samples in 1990s NA NA NA NA NA NA NA
    All Perch Samples in 1990s 1.27 1.3E-003 3.0E-004 6.6E-004 1.2E-004 9.5E-004 1.5E-004
    All Walleye Samples from 1989 on 1.525 1.6E-003 3.7E-004 7.9E-004 1.4E-004 1.1E-003 1.8E-004
    All White Bass Samples in 1990s NA NA NA NA NA NA NA
  Green Bay Zone 3A
    All Fish Samples in 1990s 1.268 1.3E-003 3.0E-004 6.6E-004 1.2E-004 9.5E-004 1.5E-004
    All Carp Samples in 1990s 6.344 6.5E-003 1.5E-003 3.3E-003 5.9E-004 4.8E-003 7.5E-004
    All Perch Samples in 1990s 1.955 2.0E-003 4.7E-004 1.0E-003 1.8E-004 1.5E-003 2.3E-004
    All Walleye Samples from 1989 on 1.134 1.2E-003 2.7E-004 5.9E-004 1.1E-004 8.5E-004 1.3E-004
    All White Bass Samples in 1990s NA NA NA NA NA NA NA
  Green Bay Zone 3B
    All Fish Samples in 1990s 1.039 1.1E-003 2.5E-004 5.4E-004 9.7E-005 7.8E-004 1.2E-004
    All Carp Samples in 1990s NA NA NA NA NA NA NA
    All Perch Samples in 1990s 1 1.0E-003 2.4E-004 5.2E-004 9.4E-005 7.5E-004 1.2E-004
    All Walleye Samples from 1989 on 1.088 1.1E-003 2.6E-004 5.7E-004 1.0E-004 8.2E-004 1.3E-004
    All White Bass Samples in 1990s NA NA NA NA NA NA NA
  Green Bay Zone 4
    All Fish Samples in 1990s 0.907 9.3E-004 2.2E-004 4.7E-004 8.5E-005 6.8E-004 1.1E-004
    All Carp Samples in 1990s NA NA NA NA NA NA NA
    All Perch Samples in 1990s NA NA NA NA NA NA NA
    All Walleye Samples from 1989 on 1.298 1.3E-003 3.1E-004 6.7E-004 1.2E-004 9.7E-004 1.5E-004
    All White Bass Samples in 1990s NA NA NA NA NA NA NA
  Lake Winnebago
    All Fish Samples in the 1990s 0.063 6.4E-005 1.5E-005 3.3E-005 5.9E-006 4.7E-005 7.4E-006
Notes: The most relevant risk calculations are for the All Fish Samples in 1990s dataset, which have been italicized.
          The risks for Lake Winnebago represent risks calculated using background fish samples.



Table 5-88  Hazard Indices by Lower Fox River Reach for the Subsistence Angler

Average Low Income Minority Native American Hmong
Fish RME CTE RME CTE RME CTE

Location
Conc.      (mg/

Kg) (West et al., 1993)
(Peterson et al., 1994 and

Fiore et al., 1989) (Hutchison and Kraft, 1994)
  Little Lake Butte des Morts
    All Fish Samples in 1990s 0.878 33.6 13.1 17.1 5.1 24.7 6.5
    All Carp Samples in 1990s 3.464 132.7 51.9 67.5 20.3 97.5 25.5
    All Perch Samples in 1990s NA NA 0.0 0.0 0.0 0.0 0.0
    All Walleye Samples in 1990s 0.302 11.6 4.5 5.9 1.8 8.5 2.2
    All White Bass Samples in 1990s 0.189 7.2 2.8 3.7 1.1 5.3 1.4
  Appleton to Little Rapids
    All Fish Samples in 1990s 0.685 26.2 10.3 13.4 4.0 19.3 5.0
    All Carp Samples in 1990s NA NA 0.0 0.0 0.0 0.0 0.0
    All Perch Samples in 1990s NA NA 0.0 0.0 0.0 0.0 0.0
    All Walleye Samples in 1990s 0.3 11.5 4.5 5.8 1.8 8.4 2.2
    All White Bass Samples in 1990s 0.983 37.6 14.7 19.2 5.7 27.7 7.2
  Little Rapids to DePere
    All Fish Samples in 1990s 0.579 22.2 8.7 11.3 3.4 16.3 4.3
    All Carp Samples in 1990s NA NA 0.0 0.0 0.0 0.0 0.0
    All Perch Samples in 1990s 0.565 21.6 8.5 11.0 3.3 15.9 4.2
    All Walleye Samples in 1990s 0.587 22.5 8.8 11.4 3.4 16.5 4.3
    All White Bass Samples in 1990s 0.776 29.7 11.6 15.1 4.5 21.8 5.7
  DePere to Green Bay
    All Fish Samples in 1990s 1.451 55.6 21.7 28.3 8.5 40.8 10.7
    All Carp Samples in 1990s NA NA 0.0 0.0 0.0 0.0 0.0
    All Perch Samples in 1990s 1.85 70.9 27.7 36.1 10.8 52.1 13.6
    All Walleye Samples in 1990s 1.409 54.0 21.1 27.5 8.2 39.7 10.4
    All White Bass Samples in 1990s 2.297 88.0 34.4 44.8 13.4 64.7 16.9
  Lake Winnebago
    All Fish Samples in the 1990s 0.063 2.4 0.9 1.2 0.4 1.8 0.5
Notes: The most relevant risk calculations are for the All Fish Samples in 1990s dataset, which have been italicized.
          The risks for Lake Winnebago represent risks calculated using background fish samples.



Table 5-89  Hazard Indices by Green Bay Zone for the Subsistence Angler

Average Low Income Minority Native American Hmong
Fish RME CTE RME CTE RME CTE

Location
Conc.      (mg/

Kg) (West et al., 1993)
(Peterson et al., 1994 and

Fiore et al., 1989) (Hutchison and Kraft, 1994)
  Green Bay Zone 2
    All Fish Samples in 1990s 1.381 52.9 20.7 26.9 8.1 38.9 10.2
    All Carp Samples in 1990s NA NA NA NA NA NA NA
    All Perch Samples in 1990s 1.27 48.6 19.0 24.8 7.4 35.8 9.4
    All Walleye Samples from 1989 on 1.525 58.4 22.8 29.7 8.9 42.9 11.2
    All White Bass Samples in 1990s NA NA NA NA NA NA NA
  Green Bay Zone 3A
    All Fish Samples in 1990s 1.268 48.6 19.0 24.7 7.4 35.7 9.3
    All Carp Samples in 1990s 6.344 243.0 95.0 123.6 37.1 178.6 46.7
    All Perch Samples in 1990s 1.955 74.9 29.3 38.1 11.4 55.0 14.4
    All Walleye Samples from 1989 on 1.134 43.4 17.0 22.1 6.6 31.9 8.3
    All White Bass Samples in 1990s NA NA NA NA NA NA NA
  Green Bay Zone 3B
    All Fish Samples in 1990s 1.039 39.8 15.6 20.2 6.1 29.2 7.6
    All Carp Samples in 1990s NA NA NA NA NA NA NA
    All Perch Samples in 1990s 1 38.3 15.0 19.5 5.8 28.2 7.4
    All Walleye Samples from 1989 on 1.088 41.7 16.3 21.2 6.4 30.6 8.0
    All White Bass Samples in 1990s NA NA NA NA NA NA NA
  Green Bay Zone 4
    All Fish Samples in 1990s 0.907 34.7 13.6 17.7 5.3 25.5 6.7
    All Carp Samples in 1990s NA NA NA NA NA NA NA
    All Perch Samples in 1990s NA NA NA NA NA NA NA
    All Walleye Samples from 1989 on 1.298 49.7 19.4 25.3 7.6 36.5 9.6
    All White Bass Samples in 1990s NA NA NA NA NA NA NA
  Lake Winnebago
    All Fish Samples in the 1990s 0.063 2.4 0.9 1.2 0.4 1.8 0.5
Notes: The most relevant risk calculations are for the All Fish Samples in 1990s dataset, which have been italicized.
          The risks for Lake Winnebago represent risks calculated using background fish samples.



Table 5-90  Risk-based Fish Concentrations for the Recreational Angler

1989 Michigan Study 1993 Michigan Study Avg. of Mich. Studies 1989 Wisconsin Study
RME CTE RME CTE RME CTE RME CTE

Risk or Hazard Index 
Level (West et al., 1989) (West et al., 1993)

(West et al., 1989; West et al.
, 1993) (Fiore et al., 1989)

Risk:
1E-006 2.8E-003 1.5E-002 1.4E-003 1.1E-002 1.8E-003 1.2E-002 2.9E-003 1.6E-002
1E-005 2.8E-002 1.5E-001 1.4E-002 1.1E-001 1.8E-002 1.2E-001 2.9E-002 1.6E-001
1E-004 2.8E-001 1.5E+000 1.4E-001 1.1E+000 1.8E-001 1.2E+000 2.9E-001 1.6E+000

Hazard Index:
1 7.4E-002 2.4E-001 3.7E-002 1.7E-001 4.9E-002 2.0E-001 7.7E-002 2.6E-001

Note: Fish concentrations are in mg/Kg.



Table 5-91  Risk-based Fish Concentrations for the Subsistence Angler

Low Income Minority Native American Hmong
RME CTE RME CTE RME CTE

Risk or Hazard Index 
Level (West et al., 1993)

(Peterson et al., 1994 and
Fiore et al., 1989) (Hutchison and Kraft, 1994)

Risk:
1E-006 9.8E-004 4.2E-003 1.9E-003 1.1E-002 1.3E-003 8.5E-003
1E-005 9.8E-003 4.2E-002 1.9E-002 1.1E-001 1.3E-002 8.5E-002
1E-004 9.8E-002 4.2E-001 1.9E-001 1.1E+000 1.3E-001 8.5E-001

Hazard Index:
1 2.6E-002 6.7E-002 5.1E-002 1.7E-001 3.6E-002 1.4E-001

Note: Fish concentrations are in mg/Kg.



Table 5-92 Intake Assumptions from the Great Lakes Sport Fish Advisory 
Task Force

Unlimited One Meal One Meal Six Meals
Parameter Consumption per Week per Month per Year
Intake Parameters
IR  (g/day) 227 227 227 227
RF  (mg/mg) 0.5 0.5 0.5 0.5
ABS  (mg/mg) 1 1 1 1
CF  (kg/g) 1.00E-003 1.00E-003 1.00E-003 1.00E-003
EF  (days/yr) 225 52 12 6
ED  (years) 75 75 75 75
BW  (kg) 70 70 70 70
ATc  (days) 27375 27375 27375 27375
ATnc  (days) 27375 27375 27375 27375
Cancer Slope Factor
CSF  (mg/Kg-day)^-1 2 2 2 2
Reference Dose
RfD  (mg/Kg-day) 2.0E-005 2.0E-005 2.0E-005 2.0E-005
Cancer Intake Factor
IntFacC  (Kg-fish/Kg-BW-day) 1.0E-003 2.3E-004 5.3E-005 2.7E-005
Noncancer Intake Factor
IntFacNc  (Kg-fish/Kg-BW-day) 1.0E-003 2.3E-004 5.3E-005 2.7E-005



Table 5-93 Risk-based Fish Concentrations Using Assumptions in the 
Great Lakes Sport Fish Advisory Task Force

Risk or Unlimited One Meal One Meal Six Meals
Hazard Index Level Consumption per Week per Month per Year
Risk:

1E-006 5.0E-004 2.2E-003 9.4E-003 1.9E-002
1E-005 5.0E-003 2.2E-002 9.4E-002 1.9E-001
1E-004 5.0E-002 2.2E-001 9.4E-001 1.9E+000

Hazard Index:
1 2.0E-002 8.7E-002 3.8E-001 7.5E-001

Note: Fish concentrations are in mg/Kg.



Table 5-94        Cancer Risks for the Lower Fox River and Green Bay

Receptor/Scenario

Little
Lake

Butte des
Morts
Reach

Appleton
to Little
Rapids
Reach

Little
Rapids to
DePere
Reach

DePere to
Green
Bay

Reach

Green Bay

Recreational Angler
RME with Upperbound

Concentrations
2.80E-003 2.8E-003 3.9E-004 1.5E-003 4.4E-003

RME with Average
Concentrations

2.0E-003 2.2E-003 3.1E-004 1.30E-003 2.8E-003

CTE with Average
Concentrations

3.0E-004 3.3E-004 4.8E-005 2.0E-004 4.30E-004

Subsistence Angler
RME with Upperbound

Concentrations
3.8E-003 3.8E-003 5.3E-004 2.10E-003 6.0E-003

RME with Average
Concentrations

2.7E-003 3.0E-003 4.3E-004 1.8E-003 3.80E-003

CTE with Average
Concentrations

4.2E-004 4.7E-004 6.80E-005 2.8E-004 6.0E-004

Hunter
RME with Upperbound

Concentrations
6.2E-005 5.5E-005 1.1E-004 5.50E-005 1.0E-004

RME with Average
Concentrations

3.4E-005 3.7E-005 3.0E-005 1.6E-005 4.70E-005

CTE with Average
Concentrations

1.0E-005 1.1E-005 9.10E-006 4.9E-006 1.4E-005

Drinking Water User
RME with Upperbound

Concentrations
2.5E-007 2.8E-007 2.2E-007 3.80E-005 9.7E-008

Local Resident
RME with Upperbound

Concentrations
1.2E-007 1.2E-007 9.0E-008 1.80E-007 8.9E-008

Recreational Water User--Swimmer
RME with Upperbound

Concentrations
1.1E-007 1.3E-007 1.1E-007 2.40E-007 1.6E-008

Recreational Water User--Wader
RME with Upperbound

Concentrations
1.9E-007 1.8E-007 1.7E-007 2.90E-007 1.4E-008

Marine Construction Worker
RME with Upperbound

Concentrations
5.0E-007 4.4E-007 4.2E-007 6.20E-007 4.3E-008

Notes: Wisconsin uses a risk level of 10^-5 for evaluating cancer risks under chapter NR 700.
          EPA uses a risk level of 10^-6 as the point at which risk management decisions may be made
          under Superfund.



Table 5-95        Noncancer Hazard Indices for the Lower Fox River and 
Green Bay

Receptor/Scenario

Little
Lake

Butte des
Morts
Reach

Appleton
to Little
Rapids
Reach

Little
Rapids to
DePere
Reach

DePere to
Green
Bay

Reach

Green Bay

Recreational Angler
RME with Upperbound

Concentrations
106.3 108.8 16.8 56.5 124.7

RME with Average
Concentrations

74.0 84.3 13.5 48.9 78.9

CTE with Average
Concentrations

18.8 21.4 3.4 12.4 20.0

Subsistence Angler
RME with Upperbound

Concentrations
145.5 149.1 22.9 77.4 170.8

RME with Average
Concentrations

101.3 115.6 18.5 67.0 108.0

CTE with Average
Concentrations

26.5 30.2 4.8 17.5 28.2

Hunter
RME with Upperbound

Concentrations
1.8 2.1 4.3 2.0 2.2

RME with Average
Concentrations

1.0 1.4 1.2 0.6 1.2

CTE with Average
Concentrations

0.5 0.7 0.6 0.3 0.6

Drinking Water User
RME with Upperbound

Concentrations
3.60 0.12 3.20 0.35 2.30

RME with Upperbound
Concentrations and Recent

Mercury Data
0.17 0.12 0.16 0.35 0.12

Local Resident
RME with Upperbound

Concentrations
3.800 0.022 1.200 0.001 2.400

RME with Upperbound
Concentrations and Recent

Mercury Data
0.097 0.022 0.086 0.001 0.190

Recreational Water User--Swimmer
RME with Upperbound

Concentrations
0.047 0.013 0.025 0.020 0.026

Recreational Water User--Wader
RME with Upperbound

Concentrations
0.037 0.013 0.029 0.024 0.011

Marine Construction Worker
RME with Upperbound

Concentrations
0.190 0.013 0.074 0.020 0.110

Note: Wisconsin under chapter NR 700 and EPA under Superfund use a hazard index of 1
             as the point at which risk management decisions may be made.



Table 5-96  Summary of Cancer Risks and Noncancer Hazard Indices for Anglers 
Exposed to PCBs from Ingestion of Fish

Recreational Anglers Subsistence Anglers
Location Lowest Median Highest Lowest Median Highest
Cancer Risks
  Lower Fox River
    All Fish Samples
      RME Scenario 2.0E-004 4.0E-004 1.1E-003 3.0E-004 6.3E-004 1.5E-003
      CTE Scenario 3.6E-005 5.7E-005 1.4E-004 5.4E-005 1.2E-004 3.5E-004
    All Carp Samples
      RME Scenario 1.2E-003 1.6E-003 2.5E-003 1.8E-003 2.6E-003 3.5E-003
      CTE Scenario 2.2E-004 2.6E-004 3.3E-004 3.2E-004 4.1E-004 8.3E-004
    All Per., Wal. and Wh. B. Smpl.
      RME Scenario 6.5E-005 3.3E-004 1.7E-003 9.8E-005 5.4E-004 2.3E-003
      CTE Scenario 1.2E-005 5.3E-005 2.2E-004 1.8E-005 9.2E-005 5.5E-004
  Green Bay
    All Fish Samples
      RME Scenario 3.1E-004 5.0E-004 1.0E-003 4.7E-004 8.5E-004 1.4E-003
      CTE Scenario 5.7E-005 8.5E-005 1.3E-004 8.5E-005 1.4E-004 3.3E-004
    All Carp Samples
      RME Scenario 2.2E-003 2.9E-003 4.6E-003 3.3E-003 4.8E-003 6.5E-003
      CTE Scenario 4.0E-004 4.7E-004 6.0E-004 5.9E-004 7.5E-004 1.5E-003
    All Per., Wal. and Wh. B. Smpl.
      RME Scenario 3.5E-004 6.0E-004 1.4E-003 5.2E-004 9.7E-004 2.0E-003
      CTE Scenario 6.2E-005 9.5E-005 1.9E-004 9.4E-005 1.5E-004 4.7E-004
  Lake Winnebago
      RME Scenario 2.2E-005 2.9E-005 4.6E-005 3.3E-005 4.7E-005 6.4E-005
      CTE Scenario 3.9E-006 4.7E-006 6.0E-006 5.9E-006 7.4E-006 1.5E-005
Hazard Indices
  Lower Fox River
    All Fish Samples
      RME Scenario 7.5 14.8 39.4 11.3 23.4 55.6
      CTE Scenario 2.3 3.6 8.6 3.4 7.5 21.7
    All Carp Samples
      RME Scenario 45.0 58.8 94.1 67.5 97.5 132.7
      CTE Scenario 13.5 16.0 20.5 20.3 25.5 51.9
    All Per., Wal. and Wh. B. Smpl.
      RME Scenario 2.5 12.4 62.4 3.7 20.4 88.0
      CTE Scenario 0.7 3.3 13.6 1.1 5.7 34.4
  Green Bay
    All Fish Samples
      RME Scenario 11.8 18.6 37.5 17.7 32.0 52.9
      CTE Scenario 3.5 5.3 8.2 5.3 8.7 20.7
    All Carp Samples
      RME Scenario 82.4 107.7 172.3 123.6 178.6 243.0
      CTE Scenario 24.7 29.3 37.6 37.1 46.7 95.0
    All Per., Wal. and Wh. B. Smpl.
      RME Scenario 13.0 22.6 53.1 19.5 36.5 74.9
      CTE Scenario 3.9 5.9 11.6 5.8 9.6 29.3
  Lake Winnebago
      RME Scenario 0.8 1.1 1.7 1.2 1.8 2.4
      CTE Scenario 0.2 0.3 0.4 0.4 0.5 0.9
Notes: All Per., Wal. and Wh. B. Smpl. = All perch, Walleye and White Bass Samples.
          Risks and hazard indices were calculated from fish concentrations using samples from the 1990s plus 
           walleye samples in Green Bay from 1989.
          The most relevant risk calculations are for the All Fish Samples dataset, which have been italicized.
          Risks and hazard indices calculated for Lake Winnebago fish samples represent background.
          Wisconsin uses a risk level of 10^-5 for evaluating cancer risks under chapter NR 700.
          EPA uses a risk level of 10^-6 as the point at which risk management decisions may be made under Superfund.
          Wisconsin under chapter NR 700 and EPA under Superfund use a hazard index of 1
             as the point at which risk management decisions may be made.



Table 5-97  Summary of Maximum Cancer Risks and Noncancer Hazard 
Indices for Anglers Exposed to PCBs from Ingestion of Fish

A. Lower Fox River

Receptor/Scenario
 Little Lake

Butte des Morts
 Appleton to
Little Rapids

 Little Rapids
to DePere

 DePere to
Green Bay

Lake
Winnebago

Cancer Risks
  Recreational Angler
    RME Scenario 6.4E-004 5.0E-004 4.2E-004 1.1E-003 4.6E-005
    CTE Scenario 8.3E-005 6.5E-005 5.5E-005 1.4E-004 6.0E-006
  Subsistence Angler
    RME Scenario 9.0E-004 7.0E-004 5.9E-004 1.5E-003 6.4E-005
    CTE Scenario 2.1E-004 1.6E-004 1.4E-004 3.5E-004 1.5E-005
Hazard Indices
  Recreational Angler
    RME Scenario 23.8 18.6 15.7 39.4 1.7
    CTE Scenario 5.2 4.1 3.4 8.6 0.4
  Subsistence Angler
    RME Scenario 33.6 26.2 22.2 55.6 2.4
    CTE Scenario 13.1 10.3 8.7 21.7 0.9
Notes: Risks and hazard indices were calculated using fish concentrations based on samples from 
          the 1990s.
          Risks and hazard indices calculated for Lake Winnebago fish samples represent background.
          Wisconsin uses a risk level of 10^-5 for evaluating cancer risks under chapter NR 700.
          EPA uses a risk level of 10^-6 as the point at which risk management decisions may be made under Superfund.
          Wisconsin under chapter NR 700 and EPA under Superfund use a hazard index of 1
             as the point at which risk management decisions may be made.

B. Green Bay

Receptor/Scenario Zone 2 Zone 3A Zone 3B Zone 4
Lake

Winnebago
Cancer Risks
  Recreational Angler
    RME Scenario 1.0E-003 9.2E-004 7.5E-004 6.6E-004 4.6E-005
    CTE Scenario 1.3E-004 1.2E-004 9.8E-005 8.6E-005 6.0E-006
  Subsistence Angler
    RME Scenario 1.4E-003 1.3E-003 1.1E-003 9.3E-004 6.4E-005
    CTE Scenario 3.3E-004 3.0E-004 2.5E-004 2.2E-004 1.5E-005
Hazard Indices
  Recreational Angler
    RME Scenario 37.5 34.4 28.2 24.6 1.7
    CTE Scenario 8.2 7.5 6.2 5.4 0.4
  Subsistence Angler
    RME Scenario 52.9 48.6 39.8 34.7 2.4
    CTE Scenario 20.7 19.0 15.6 13.6 0.9
Notes: Risks and hazard indices were calculated using fish concentrations based on samples from 
          the 1990s plus walleye samples in 1989.
          Risks and hazard indices calculated for Lake Winnebago fish samples represent background.
          Wisconsin uses a risk level of 10^-5 for evaluating cancer risks under chapter NR 700.
          EPA uses a risk level of 10^-6 as the point at which risk management decisions may be made under Superfund.
          Wisconsin under chapter NR 700 and EPA under Superfund use a hazard index of 1
             as the point at which risk management decisions may be made.
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A. Recreational Anglers
1989 Michigan Study 1993 Michigan Study Avg. of Mich. Studies 1989 Wisconsin Study
RME CTE RME CTE RME CTE RME CTE

Risk or Noncancer Hazard 
Index Level (West et al., 1989) (West et al., 1993)

(West et al., 1989; West et al.
, 1993) (Fiore et al., 1989)

Risk Level:
1E-006 2.8E-003 1.5E-002 1.4E-003 1.1E-002 1.8E-003 1.2E-002 2.9E-003 1.6E-002
1E-005 2.8E-002 1.5E-001 1.4E-002 1.1E-001 1.8E-002 1.2E-001 2.9E-002 1.6E-001
1E-004 2.8E-001 1.5E+000 1.4E-001 1.1E+000 1.8E-001 1.2E+000 2.9E-001 1.6E+000

Hazard Index Level:
1 7.4E-002 2.4E-001 3.7E-002 1.7E-001 4.9E-002 2.0E-001 7.7E-002 2.6E-001

B. Subsistence Anglers
Low Income Minority Native American Hmong
RME CTE RME CTE RME CTE

Risk or Noncancer Hazard 
Index Level (West et al., 1993)

(Peterson et al., 1994 and
Fiore et al., 1989) (Hutchison and Kraft, 1994)

Risk Level:
1E-006 9.8E-004 4.2E-003 1.9E-003 1.1E-002 1.3E-003 8.5E-003
1E-005 9.8E-003 4.2E-002 1.9E-002 1.1E-001 1.3E-002 8.5E-002
1E-004 9.8E-002 4.2E-001 1.9E-001 1.1E+000 1.3E-001 8.5E-001

Hazard Index Level:
1 2.6E-002 6.7E-002 5.1E-002 1.7E-001 3.6E-002 1.4E-001

C. Great Lakes Sport Fish Advisory Task Force
Risk or Noncancer Unlimited One Meal One Meal Six Meals
Hazard Index Level Consumption per Week per Month per Year
Risk Level:

1E-006 5.0E-004 2.2E-003 9.4E-003 1.9E-002
1E-005 5.0E-003 2.2E-002 9.4E-002 1.9E-001
1E-004 5.0E-002 2.2E-001 9.4E-001 1.9E+000

Hazard Index Level:
1 2.0E-002 8.7E-002 3.8E-001 7.5E-001

Notes: All fish concentrations are in mg/Kg.
          Wisconsin uses a risk level of 10^-5 for evaluating cancer risks under chapter NR 700.
          EPA uses a risk level of 10^-6 as the point at which risk management decisions may be made under Superfund.
          Wisconsin under chapter NR 700 and EPA under Superfund use a hazard index of 1
             as the point at which risk management decisions may be made.
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Ecological Risk Assessment6
6.1 Introduction

The EPA established a framework for assessing ecological risk (EPA, 1992a,
1997a) that was intended to provide a clear and rigorous approach to the
estimation of effects associated with uncontrolled releases of toxic substances.
Both the EPA (1997a, 1998) and the WDNR (1992) have issued basically
compatible guidance for conducting ecological risk assessments.  The approach for
the ecological SLRA for the BLRA for the Lower Fox River Site followed these
established frameworks and guidelines for assessing ecological risks.  This same
approach is followed for the BLRA for the Lower Fox River Site.

The EPA guidance for ecological risk assessment (1997) established an eight-step
process for assessing ecological risk.  The first two steps are the screening-level
evaluation with the goals of determining if the site poses no or negligible
ecological risk, and identifying which contaminants and exposure pathways
require further evaluation.  Steps three through seven detail the development of
a BLRA.  Step eight discusses risk management and will not be addressed as part
of this BLRA report.

As with the SLRA, the overriding goal of the BLRA is to support the Fox River
RI/FS process underway at this site through risk evaluation and determination of
protective sediment quality thresholds for PCBs, the primary COPC carried
forward.  The BLRA will re-evaluate the 10 identified COPCs with more site
specific information than was used in the SLRA and will expand on potential
ecological concerns.

Specifically, the following components of the SLRA will be further refined to
address baseline risk:

C Chemical fate, transport and degradation
C Ecological receptors
C Exposure routes
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C Extent of exposure
C Extent and likelihood of threats or impacts
C Uncertainty associated with the calculation of risk

A Biological Technical Assistance Group (BTAG) was convened during the
formulation of the SLRA to discuss the approach and procedures for performing
the site-specific ecological risk assessment for the Lower Fox River/Green Bay
system.  BTAG review and consultation was also used in the completion of the
BLRA.  As mentioned in Section 3.3, the resource agencies, risk managers and
biologists/ecologists in the BTAG included:

C Wisconsin Department of Natural Resources
C U.S. Fish and Wildlife Service
C U.S. Environmental Protection Agency, Region 5
C National Oceanic and Atmospheric Administration
C Menominee Nation
C Oneida Nation

6.2 Problem Formulation
The Problem Formulation for the BLRA builds on the Problem Formulation
presented in the SLRA (RETEC, 1998), focusing on the site conceptual model
and identifying appropriate standards and criteria to assess data collected.  The
conceptual site model establishes complete exposure pathways, and  relates
assessment and measurement endpoints for the Characterization of Exposure
(Section 6.4) and Risk Characterization (Section 6.6) for this site.  In addition,
the species used in the conceptual model define those that were included in
modeling to develop sediment quality thresholds (Chapter 7).

Specific areas of the Problem Formulation have been expanded from the SLRA
and include:

C Contaminants of Potential Concern (COPCs):  COPCs represent a
reduced list of chemicals brought forward from the SLRA for further
evaluation in the BLRA.
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C Contaminant Fate and Transport:  defines the migration pathways by
which COPCs may enter into the Lower Fox River and Green Bay
ecosystems.

C Assessment and Measurement Endpoints:  the measurement
endpoints are the means by which the risk to the assessment endpoints
are evaluated.

C Conceptual Model:  integrates the information on sources, exposure
pathways, and ecological receptors to describe how receptors can
become exposed to COPCs, and potentially be placed at risk.

Each of these elements of the Problem Formulation are discussed in more detail
in the sections below.

6.2.1 Contaminants of Potential Concern
A description of the contaminants known to exist in the Lower Fox River and
Green Bay system was provided in Section 1.1.  The identified COPCs to be
carried forward in the BLRA was provided in Section 2.5.1 (see Appendix A).
These COPCs are:  PCBs (total and/or Aroclor 1242, PCB congeners),
2,3,7,8-TCDD/2,3,7,8-TCDF, DDT/DDE/DDD, dieldrin, mercury, lead, and
arsenic.  PCBs were carried forward in the BLRA as the primary COPC because
sediment hazard quotient (HQ) levels ranged from 1,514 to 5,872, generally
several orders of magnitude greater than HQs for other COPCs.

6.2.2 Contaminant Fate and Transport
Physical and bio/geochemical fate and transport process within the Lower Fox
River and Green Bay were described in Section 2.5.  This section generally
describes the chemical and physical properties of the COPCs which govern the
mobility, and hence, the extent of fate and transport of the COPCs (Table 6-1).

As previously discussed (Section 2.4), contaminants are found in the Lower Fox
River and Green Bay as a result of releases from point and nonpoint sources.
Currently, the principal source for COPCs is the contaminated sediment deposits
found throughout the system.  The principal transport mechanism is sediment
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resuspension, with transport occurring by downstream currents in the Lower Fox
River, and by discrete resuspension-transport-deposition events within Green Bay.
The fate of these contaminants, following their release into the water column,
depends on the chemical properties of the contaminant, abiotic factors within the
receiving environment (e.g., organic carbon in sediments, pH, surface water
hardness), and interaction with the biotic environment, which can result in
degradation, transformation, or bioconcentration of the contaminant.  The fate
of a contaminant is not fixed, and the degree of contaminant exchange between
surface water, sedimentary deposits, and sediment pore water and biota may vary.
Transport and fate for each COPC is described below.

Organic Constituents
The fate of organic constituents is complex, but is guided by the chemical
properties of the individual constituent and the media involved (i.e., surface
water, sediments, etc.).  Sediments generally serve as a sink for organic
constituents.  Organically contaminated sediments are often complex mixtures of
numerous compounds that will separate and partition into sediments and water,
based on the properties of the individual chemicals present.  The primary property
that governs the extent to which a chemical will partition between sediment and
pore water/surface water is its solubility limit.  The organic COPCs for the Lower
Fox River and Green Bay are all nonpolar organic compounds, which generally
show a higher affinity for partitioning to organic, as opposed to water, phases in
environmental media.  Water solubility limits set the maximum dissolved-phase
concentrations for pure compounds or compounds present in dilute solutions.
Dissolution of nonpolar organic chemicals are further controlled by their affinity
for organic carbon phases in sediments or water.  Expressed as the octanol-water
partitioning coefficient (K ), the higher the K , the greater their affinity forow ow

partitioning to organic carbon.  Vapor pressure and Henry’s Law Constant are
indicators of a chemical’s tendency to partition between water and the
atmosphere.

Bioaccumulation of nonpolar organic compounds occurs as a result of uptake,
followed by partitioning of the compounds out of the aqueous media and into the
receptor’s organic carbon compartment—the lipids.  Therefore, bioaccumulation
is highly dependent upon an organism’s lipid content and on the affinity of the
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compound to partition into the organic phase, as measured by its K .  In general,ow

compounds having a log K  greater than 4.3 to 5 are likely to biomagnify (Suter,ow

1993) through partitioning and storage in lipids.  Generally, the relationship
between K  and lipids is assumed to be linear, except for extremely hydrophobicow

compounds (i.e., log K  >6) (Bertelsen et al., 1998).ow

Once chemicals are accumulated within an organism’s lipid fraction,
biomagnification may occur when organisms at lower trophic levels are preyed
upon by receptors higher in the food chain.  The net result is an aggregate increase
in tissue body burdens of the chemicals at higher trophic levels.  Nonpolar organic
compounds with K s between 4 and 6 have a greater tendency to biomagnifyow

within ecological food webs (Oliver and Niimi, 1988; Thoman, 1989).

Polychlorinated Biphenyls (PCBs).  PCBs are a general class of chemically inert,
nonpolar, synthetic, halogenated-hydrocarbons, of which there are 209 different
compounds (congeners) (Eisler and Belisle, 1996).  PCB congeners vary between
one and 10 chlorine atoms substituted on the biphenyl ring, and are named
according to the position of the chlorine substitution and the number of
substitutions (e.g., 3,3',4,4',5-pentachlorobiphenyl).  By convention, PCB
congeners are usually referred to by the numerical designation given by the
International Union of Pure and Applied Chemistry.  For example, 3,3',4,4',5-
pentachlorobiphenyl is commonly referred to as PCB 126.

Fate and transport of PCBs in an aquatic system is very dependent on sorption
reactions.  PCBs are highly lipophilic and may either remain in the water column,
bind to sediments, or be taken up by organisms and accumulated in tissues (Eisler
and Belisle, 1996).  Sorption is dependent on the number of chlorine atoms, the
PCB configuration, and the amount of organic carbon found in the substrate.  The
ability of PCBs to sorb to sediments and to bioaccumulate has been related to
corresponding octanol-water partition coefficients (K ).  Compounds with highow

K  values bind more readily to sediments (particularly, sediments with elevatedow

organic carbon), and bioaccumulate more readily in organisms.  Alternatively,
water solubility decreases as K  increases.  Therefore, transport of PCBs isow

primarily dependent on the transport of particles to which the PCB is bound.
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PCB K  values range from 4.6 for monochlorobiphenyls up to 9.6 forow

decachlorobiphenyls (Eisler and Belisle, 1996).

When dissolved in water, rapid gill uptake of PCBs has been observed in short-
term laboratory experiments with fish (Bruggerman et al., 1981).  Generally, when
equally exposed, fish accumulate two to three times more PCBs than aquatic
invertebrates (Eisler 1986; Ruelle, 1986).  Predatory fish, amphibians, birds, and
mammals can accumulate PCBs through ingestion of PCB-contaminated food
items.  The PCB concentrations in the adipose tissue of predators may be
proportional to those levels present in their environment and prey (Foley et al.,
1988).  PCB concentrations in a salmonid population were found to be related to
fish size as well as fish age (Mandenjian et al., 1994).

PCBs are extremely lipid-soluble and tend to accumulate in the lipid component,
internal organs, and mesenteric fat of organisms (Eisler, 1986a; Ruelle, 1986).
The more lipophilic and hydrophobic a substance, the more concentrated the
substance will be in the sediment and the phytoplankton of an aquatic system
(Loizeau and Menesguen, 1993).  The bioaccumulated PCBs in lower trophic
level organisms readily biomagnify to higher trophic level organisms.
Subsequently, high residue levels have been detected in fish, mammals, and birds
worldwide (Olafsson et al., 1983; Storm et al., 1981).  Some organisms are capable
of storing extremely high concentrations of PCBs in their fat without any
apparent detrimental effect (Olafsson et al., 1983).

TCDD and TCDF.  Polychlorinated dibenzodioxins (PCDD) as a group represent 75
different positional isomers, while the chlorinated dibenzofurans (PCDF)
comprise over 135 compounds (ATSDR, 1998a).  These two chemical classes are
generally referred to as dioxins.  Tetra-chloro dibenzodioxins (TCDD) and tetra-
chloro dibenzofurans (TCDF) are a subset of PCDD and PCDF compounds,
respectively.  Unlike PCBs, dioxins have never been purposely manufactured, but
rather, are found as trace impurities in chlorophenols, chlorinated herbicides,
commercial Aroclor mixtures, or are incidental byproducts of some bleached kraft
paper processes or combustion (e.g., in fly ash or produced in forest fires)
(Hoffman et al., 1996).
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The fate and transport of dioxins is very similar to PCBs.  Dioxins preferentially
associate with particulate or organic matter because of their high lipophilicity and
low water solubility (Boening, 1998).  Once sorbed to particulate matter, or
bound in the sediment organic phase, they exhibit little potential for leaching or
volatilization.  They are highly stable in all  environmental media, with
persistence measured in decades.  The only environmentally significant
transformation process for these congeners is believed to be photodegradation of
chemicals not bound to particles in the gaseous phase or at the soil- or water-air
interface (EPA, 1994).  Bacterial degradation of dioxins and furans is possible, but
is a very slow process.

Dioxins and furans have been found to highly bioconcentrate in aquatic food
webs (ATSDR, 1998a).  TCDD and TCDF are superhydrophobic chemicals, and,
therefore, are not likely to be found freely dissolved in the environment (McKim
et al., 1985).  Thus, the principal route of exposure through the Lower Fox
River/Green Bay food web is via ingestion of contaminated food, as opposed to
respiration across gill surfaces, for fish or aquatic invertebrates.

Dichlorodiphenyltrichloroethane (DDT).  Dichlorodiphenyltrichloroethane (DDT) and
its principal metabolites, DDD and DDE, are organochlorine compounds used as
insecticides until banned for use in the United States because of adverse toxicity
to wildlife.  In soils, under aerobic conditions, DDT is rapidly converted to DDD
and very slowly converted to DDE via reductive dechlorination (Montgomery,
1996).  In sediments, DDE is the major metabolite formed from DDT
(Montgomery, 1996).  Both DDD and DDE are stable and biologically active
(although DDE is noninsecticidal) (Montgomery, 1996).

DDT readily degrades in air, with a half-life of approximately 2 days, but may
remain in soils for extended periods of time.  DDT’s half-life in soils is
approximately 3 to 10 years (Connell and Miller, 1984).  It does not dissolve
easily in water and strongly adheres to suspended sediment particles (ATSDR,
1998b).  However, DDE is slightly soluble in water (3.54 µg/L in Lake Michigan
water at 25°C [Montgomery, 1996]).
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DDT is not readily metabolized by animals, being primarily stored in fat.  Its
biological half-life is approximately 8 years (University of Oxford, 1998).
Biologically accumulated DDT may be metabolized to another form (i.e., DDT
may be transformed to DDE).  When fat reserves are metabolized, the DDT or
transformed metabolite is released into the system, where it may result in a toxic
response.  DDT may act as a direct toxin to some receptors; however, because of
its tendency to concentrate in biological tissues, higher trophic level receptors may
be at increased risk through ingestion of contaminated food sources.

Dieldrin.  Dieldrin is a nonsystemic and persistent cyclodiene insecticide.  It was broadly
used in the United States until 1974, when the EPA restricted its use to termite
control via direct soil injection, and to nonfood seed and plant treatment.
Dieldrin is no longer produced commercially in the United States.

Dieldrin has a low volatility, sorbs readily to sediment organic matter and has a
high potential for bioaccumulation (bioaccumulation factor [BCF] = 4,670)
(EPA, 1992b).  Dieldrin is persistent in sediments and surface water, with a half-
life of 3 and 6 years, respectively (Howard et al., 1991).  Direct photolysis of
dieldrin can occur, creating a half-life of about 2 months (EPA, 1992b).
Dieldrin’s degradation is unaffected by aerobic or anaerobic conditions
(Montgomery, 1996), but can be biotransformed by soil microbes to a substance
more toxic to insects (EPA, 1992b).

Inorganic Constituents
The fate of metals in the aquatic environment is determined by the interaction of
many variables.  The primary factor influencing the fate and transport of metals
is their speciation and adsorption capacity.  When metals are released to the
environment, their speciation and adsorption capacity are affected by, and change
with, the geochemistry of the environment.

Several factors influence adsorption and speciation of metals.  The first of these
factors is the presence of competing ions.  In instances where metals are present
in solution with other ions, competition for sorption sites on soil particles or on
organic material may enhance the mobility of weakly sorbed metals (Riemsdijk
et al., 1993).  Adsorption of metals is also strongly influenced by pH.  This is due,
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in part, to increased competition between protons (H ) and metal ions for the+

same binding sites.  Furthermore, pH affects the speciation and solubility of
metals through the formation of hydroxide complexes.  Speciation of metals is
also controlled by the reduction/oxidation (redox) potential of the environment,
which determines the oxidation state of the metal.  For example, in an oxidized
environment, arsenic is generally present as arsenate (As ), an immobilized form5+

that will be ionically bound to soil.  However, under reduced conditions, arsenate
is transformed to arsenite (As ), which is water soluble and, therefore, more3+

mobile.

Because of these complex interactions, total metals concentrations are generally
not predictive of the bioavailability.  One measure of bioavailability is to measure
the dissolved fraction in surface water or porewater.  However, consideration must
still be given to the residual chemistry, including pH and dissolved organic carbon.
In summary, the transport of metals via surface water is affected by adsorption of
metals to soil or other organic matter.  The degree to which a metal will adsorb
depends on the presence of competing ions, water chemistry, and metal
speciation, which is, in turn, affected by such factors as pH and redox potential.
The interaction among these factors is complex.  Individual metals are discussed
below.

Arsenic.  Arsenic in water can react through oxidation, reduction, or methylation.
Generally, arsenic preferentially adsorbs to sediments and naturally occurs as
sulfides of iron, nickel, and cobalt (Eisler, 1988a).  Arsenates are more strongly
adsorbed to sediments than other arsenic forms (Eisler, 1998a).  Arsenic
concentrations in sediments is dependent on the concentration of arsenic and
sediment characteristics such as pH, ionic strength, Eh, and the presence of other
compounds in sediments.

Arsenic exists in four oxidation states as inorganic or organic forms; its
bioavailability and toxic properties are significantly modified by numerous
biological and abiotic factors.  In general, inorganic arsenic compounds are more
toxic than organic compounds, and trivalent species are more toxic than
pentavalent species.  Arsenic is accumulated in a variety of organisms from the
water; however, there is no evidence of biomagnification through the food chain.
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Bioconcentration factors are low in aquatic organisms, except for algae (Eisler,
1988a).

Arsenic in water exists primarily as a dissolved ionic species.  Particulates account
for less than one percent of the total measurable arsenic.  Arsenates are more
strongly adsorbed to sediment than are other arsenic forms.  In bodies of water
that become stratified in summer, arsenic released from sediments accumulates in
the hypolimnion until turnover, when it is mixed with epilimnetic waters.  This
mixing may result in a 10 to 20 percent increase in arsenic concentrations (Eisler,
1988a).

Lead.  Lead chemistry is complex.  In water, lead is most soluble and bioavailable under
conditions of low pH, low organic content, low concentrations of suspended
solids, and low concentrations of the salts of calcium, iron, manganese, zonc, and
cadmium (Eisler, 1988b).  Most lead entering natural waters is precipitated to the
sediment bed as carbonates or hydroxides (Eisler, 1998b).  Lead can be readily
sorbed to either organic or inorganic components in sediments.  Factors affecting
the degree of sorption include:  the sediment type, pH, organic carbon content,
cation exchange capacity, the form of lead, and other constituents in the
sediment, such as metal oxides, aluminum silicates, and carbonates.  Sorption is
higher in sediments containing clay, and lower in sediments containing a higher
percentage of sand or sand and loam (Eisler, 1988b).  Bioavailable lead in
sediments is also governed by the amount of acid volatile sulfides within the
sediment porewater (Ankley, 1996; DiTorro et al., 1990).

Lead does not biomagnify to a great extent in food chains, although accumulation
by plants and animals has been extensively documented (Wixson and Davis,
1993; Eisler, 1988b).  Older organisms typically contain the highest tissue lead
concentrations, with the majority of accumulation occurring in the bony tissue of
vertebrates (Eisler, 1988b).

Predicting the accumulation and toxicity of lead is difficult since its effects are
influenced to a large degree, relative to other metals, by interactions among
physical, chemical and biological variables.  In general, organolead compounds are
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more toxic than inorganic lead compounds, and young, immature organisms are
most susceptible to its effects (Eisler, 1988b).

Mercury.  Mercury may be present in the environment in a number of forms.  Mercury
can exist in three oxidation states:  elemental mercury (Hg ), mercurous ion0

(Hg ), and mercuric ion (Hg ).  Of the inorganic forms, Hg  is the toxic2
2+ 2+ 2+

species.  The most toxic and bioavailable form of mercury is methylmercury,
which is highly stable and lipophilic, accumulating in food chains.  Mercury can
become methylated biologically or chemically.  Microbial methylation of mercury
occurs most rapidly under anaerobic conditions, common in wetlands and aquatic
sediments.  The majority of mercury detected in biological tissues is present in the
form of methylmercury (Huckabee et al., 1979).

Nonvolatile inorganic forms of mercury compounds sorb readily to sediments,
particularly those sediments containing high organic carbon levels.  Mercury forms
stable complexes with organic compounds and are not easily removed from
sediments (Eisler, 1987).  Mobilization of sorbed mercury can be caused by
bioreduction to elemental mercury and bioconversion to more volatile and soluble
forms, such as methylmercury.

Methylmercury is not only the most biologically available form of mercury, it is
also the most toxic.  Mercury methylation in ecosystems depends on mercury
loadings, microbial activity, nutrient content, pH, redox conditions, suspended
sediment load, sedimentation rates, and other variables (Eisler, 1987).
Conversion of inorganic mercury to methylmercury is favored by low pH and low
dissolved organic carbon levels.

Mercury bioaccumulation and biomagnification have been demonstrated in the
aquatic food chain by the elevated levels found in piscivorous fish, compared with
organisms lower on the food chain.  Almost all mercury accumulated is in the
methylated form, primarily as a result of the consumption of prey containing
methylmercury (Eisler, 1987).
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6.2.3 Assessment and Measurement Endpoints
As a culmination of the problem formulation phase of this risk assessment,
endpoints have been derived to assess the risks posed by COPCs to the Lower Fox
River site’s biological receptors.  This section presents those endpoints.

Assessment endpoints are explicit expressions of the actual environmental values
(e.g., ecological resources) of commercial or social value that are to be protected.
Three principal criteria are used to select ecological values that may be
appropriate for assessment endpoints:  1) ecological relevance, 2) susceptibility to
known or potential stressors, and 3) relevance to management goals (EPA, 1998).

Assessment endpoints may include populations or communities (e.g., fish or birds)
or nonbiological characteristics (e.g., water or sediment quality).  Populations may
be deemed at risk if reproduction or survival of individuals are determined to be
significantly impacted.  Water and sediment quality are considered to pose a risk
to invertebrates if chemical levels exceed accepted benchmark values.  This risk
assessment will determine risk to the assessment endpoints based on the
likelihood that an adverse effect will occur.

While the assessment endpoints (and conceptual model) help risk assessors
identify measurable attributes to quantify and predict risk, often the assessment
endpoints cannot be measured directly.  Measures must be selected to determine
whether the assessment endpoint is at risk.  There are three categories of
measures:  measures of effects (measurement endpoints); measures of exposure;
and measures of ecosystem receptor characteristics (EPA, 1998).  This BLRA
selected only measurement endpoints (measures of effects) for its risk analysis.

Measurement endpoints are quantifiable ecological characteristics that are related
to the valued characteristic chosen as the assessment endpoint (EPA, 1992a).  The
measurement endpoint should represent the same exposure pathway,  and
mechanism of toxicity, as the assessment endpoint it represents.  Measurement
endpoints are also selected based upon their sensitivity (e.g. adequate test design,
species sensitivity to a toxicant) in order to draw direct conclusions.
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Both the assessment and measurement endpoints selected for the BLRA are
discussed in the sections below.

Assessment Endpoints
Appropriate selection and definition of assessment endpoints are critical to the
utility of risk assessment, as the endpoints focus the risk assessment design and
analysis.  It is not practical, nor possible, to directly evaluate risks to all of the
individual components of the ecosystem at the site.  Assessment endpoints were
selected for the risk assessment based on particular components of the ecosystem
that could be adversely affected by the contaminants associated with the site.

A review of the habitat of the Lower Fox River and southern Green Bay, as
discussed in Section 2.1, provided information for the selection of assessment
endpoints.  A variety of invertebrates, fish, birds, and mammals inhabit or use this
area for foraging.  Therefore, the assessment endpoints focused on these groups.

Eight assessment endpoints were developed to evaluate the risk of contaminants
in the Lower Fox River and southern Green Bay.  By evaluating and protecting
these assessment endpoints, it is assumed that this ecosystem as a whole would
also be protected.  Each assessment endpoint is discussed in detail below.

Functioning Water Column Invertebrate Communities.  Invertebrate communities
constitute a vast portion of the basis of the food chain for aquatic ecosystems and
are, therefore, important in energy transfer.  Specifically, water column
invertebrates serve as prey items for both fish and birds.  Alterations in water
column invertebrate functions may consequently affect bird and fish populations.
Also, COPCs in water column invertebrates may be passed along through the food
chain.

Functioning Benthic Invertebrate Communities.  Benthic invertebrate communities are
heterogeneous assemblages of organisms that inhabit bottom substrates.  Benthic
invertebrates are susceptible to COPC exposure because they live and feed directly
in the sediment, where most contaminants are concentrated.
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Benthic invertebrates play several important roles in the aquatic community,
including the mineralization and recycling of organic matter.  Like aquatic
invertebrates, benthic invertebrates constitute a vast portion of the basis of the
food chain for aquatic ecosystems and are, therefore, important in energy transfer.
In doing so, benthic invertebrates play an integral role in nutrient and energy
cycling, supporting the productivity of the entire ecosystem.  Benthic
invertebrates are important trophic links in aquatic communities because they
consume bacteria, plankton, and detritus, and are a dominant prey base for
certain species of fish, birds, and other benthic organisms.  Upper trophic levels
can be affected not only by reduced prey abundance, but also by trophic transfer
of accumulated contaminants in benthic invertebrates.

Benthic Fish Reproduction and Survival.  Fish have many roles in the aquatic
ecosystem, including the transfer of nutrients and energy, and providing prey for
mammals, birds, and predatory fish.  In fact, several predators rely solely, or
primarily, on fish for survival.  Fish typically constitute a large proportion of the
biomass in aquatic systems.

Benthic fish are those fish that live in contact with and forage for food directly in
the sediments.  As such, they represent a unique exposure pathway because of
their foraging behavior (i.e., high exposure to sediments) and prey items (i.e.,
predominately benthos).  Examples of benthic fish in the Lower Fox River include
carp, catfish and bullhead.

Impairment to benthic fish communities would have strong impacts on nutrient
and energy cycling, and on instream and nearby upland biological communities.
Additionally, of social and economic value, commercial and recreational use of fish
would be adversely affected by impaired fish communities.

Pelagial Fish Reproduction and Survival.  Pelagial fish were selected as an assessment
endpoint because they have a different exposure pathway than benthic fish.
Pelagial fish are those species that live and feed principally in the water column.
Pelagial fish represent many trophic levels with prey items predominately in the
water column (e.g., zooplankton and other fish).  Pelagial fish may be strongly
impacted by food chain transfers.  As with the benthic fish, several pelagial fish
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species are of commercial and/or recreational importance and a decline in these
fish species could have economic impacts on the region.  Examples of important
pelagial fish in the Lower Fox River include alewife, perch, and walleye.

Insectivorous Bird Reproduction and Survival.  Insectivorous birds rely predominately
on insects for food.  Bird populations, in general, present one of the most
significant biological components of the river corridor system and occupy several
trophic levels.  Birds play an important role in energy transfer and nutrient
processing between the aquatic and terrestrial communities.  Impacts to
insectivorous birds can have impacts on insect populations.

Given the potential for some contaminants to biomagnify, birds, as upper trophic
level receptors, may concentrate, and be affected by, contaminants in their tissues
to a greater degree than lower trophic level species.  In addition to their ecological
importance, birds are socially valued because of recreational activities and
aesthetics.  Examples of insectivorous birds include tree swallows and red-winged
blackbirds.

Piscivorous Bird Reproduction and Survival.  Piscivorous birds rely primarily on fish
for food.  Of the bird populations present at the site, piscivorous birds represent
the highest potential level of trophic transfer.  In higher trophic levels,
contaminants in tissues become more concentrated due to biomagnification.
Piscivorous birds are vulnerable to COPCs that bioaccumulate in prey organisms.
Therefore, birds consuming contaminated prey items can accumulate, and be
adversely affected by, large concentrations of contaminants in their tissues.
Again, socially, birds are also valued because of recreational activities and
aesthetics.  Examples of piscivorous birds on the Lower Fox River include
cormorants and terns.

Omnivorous Bird Reproduction and Survival.  Omnivorous birds were selected for
evaluation because of their diverse forage, which can include consumption of fish,
piscivorous birds, or even small mammals.  Omnivorous birds can influence
population levels of forage species.  Because omnivorous birds may occupy high
trophic levels, they can accumulate elevated tissue concentrations of contaminants
that bioaccumulate or biomagnify.  In addition to their important ecological role,
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like piscivorous and insectivorous birds, omnivorous birds are additionally valued
because of recreational activities and aesthetics.  Examples of omnivorous birds
on the Lower Fox River and Green Bay include eagles and raptors.

Piscivorous Mammal Reproduction and Survival.  Piscivorous mammals represent the
upper trophic-level of the riverine corridor ecosystem and, therefore, are
potentially highly exposed to contaminants that bioaccumulate or biomagnify.
Piscivorous mammals rely primarily on fish as food.  The foraging behavior of
these mammals represents a pathway through which energy is transferred from the
aquatic to terrestrial ecosystem.  Mink are valued because of their role as top
carnivores in the aquatic ecosystem.  They are also one of the most sensitive
species to PCBs.

Risk Questions
Risk questions have been formulated based upon the assessment endpoints.  Risk
questions serve to provide a focal point for evaluating the specific measurement
endpoints to the assessment endpoints.  The measurement endpoints are
evaluated to answer the specific risk questions.  Based on information collected
during this problem formulation phase, the following risk questions have been
formulated:

C For the Assessment Endpoint—Functioning Water Quality Invertebrate
Communities

< Are levels of site contaminants in surface water sufficient to
cause adverse alterations to the functioning of water column
invertebrate communities?

C For the Assessment Endpoint—Functioning Benthic Invertebrate
Communities

< Are levels of site contaminants in sediment sufficient to cause
adverse alterations to the functioning of benthic invertebrate
communities?
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C For the Assessment Endpoint—Benthic Fish Reproduction and Survival

< Are levels of site contaminants sufficient to cause reproductive
or survival impairment to benthic fish?

C For the Assessment Endpoint—Pelagial Fish Reproduction and Survival

< Are levels of site contaminants sufficient to cause reproductive
or survival impairment to pelagial fish?

C For the Assessment Endpoint—Insectivorous Bird Reproduction and
Survival

< Are levels of site contaminants sufficient to cause toxic effects or
reproductive impairment to insectivorous birds?

C For the Assessment Endpoint—Piscivorous Bird Reproduction and
Survival

< Are levels of site contaminants sufficient to cause toxic effects or
reproductive impairment to piscivorous birds?

C For the Assessment Endpoint—Omnivorous Bird Reproduction and
Survival

< Are levels of site contaminants sufficient to cause toxic effects or
reproductive impairment to omnivorous birds?

C For the Assessment Endpoint—Piscivorous Mammal Reproduction and
Survival

< Are levels of site contaminants sufficient to cause toxic effects or
reproductive impairment to piscivorous mammals?
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Table 6-2 presents the assessment and measurement endpoints selected to test the
above risk questions, as well as the model receptor species/population.  The
measurement endpoints are discussed in the following section.

Measurement Endpoints
Risk questions are evaluated using measurement endpoints.  Types of
measurement endpoints used in the risk assessment process fall generally into four
categories:  1) comparison of estimated or measured exposure levels of COPCs to
levels known to cause adverse effects, 2) bioassay testing of site and reference
media, 3) in-situ toxicity testing of site and reference media, and 4) comparison
of observed effects on site with those observed at a reference site.  Measurement
endpoints selected for assessment endpoint evaluation in this risk assessment
consistently fell in to the first category of measurement endpoints.  Only existing
data was evaluated as part of this assessment.

The following measurement endpoints, were identified for each of the assessment
endpoints and their respective risks questions.

C Functioning Water Column Invertebrate Communities—Are Levels of
Site Contaminants in Surface Water Sufficient to Cause Adverse
Alterations to the Functioning of Water Column Invertebrate
Communities?

< To address this risk question, surface water chemistry data will
be evaluated and compared to water ecological benchmark
criteria.  This evaluation will determine whether water column
invertebrate communities have been, and continue to be, at risk
from site contaminants.

C Functioning Benthic Invertebrate Communities—Are Levels of Site
Contaminants in Sediment Sufficient to Cause Adverse Alterations to
the Functioning of Benthic Invertebrates Communities?

< To address this question, sediment chemistry data will be
evaluated and compared to sediment ecological benchmarks.
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Also, previous benthic community studies will be reviewed.
These evaluations will determine whether benthic invertebrate
communities have been, or continue to be, at risk from site
contaminants.

C Benthic Fish Reproduction and Survival—Are Levels of Site
Contaminants Sufficient to Cause Reproductive or Survival Impairment
to Benthic Fish?

< This risk question will be answered through evaluation of
benthic whole body fish tissue analyses (with appropriate
extrapolations to egg tissue) as compared to Toxicity Reference
Values (TRVs), when available from database or literature
sources.  

C Pelagial Fish Reproduction and Survival—Are Levels of Site
Contaminants Sufficient to Cause Reproductive or Survival Impairment
to Pelagial Fish?

< This risk question will be answered through evaluation of
pelagial whole body fish tissue analyses (with appropriate
extrapolations to egg tissue) as compared to Toxicity Reference
Values (TRV), when available from database or literature
sources.

C Insectivorous Birds Reproduction and Survival—Are Levels of Site
Contaminants Sufficient to Cause Toxic Effects or Reproductive
Impairment to Insectivorous Birds?

< Risk to insectivorous birds will be evaluated through
examination of whole body COPC levels, egg COPC levels, and
rates of embryo deformities as compared to TRVs available from
database or literature sources. 
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C Piscivorous Bird Reproduction and Survival—Are Levels of Site
Contaminants Sufficient to Cause Toxic Effects or Reproductive
Impairment to Piscivorous Birds?

< Risk to piscivorous birds will be evaluated through examination
of whole body COPC levels, egg COPC levels, and rates of
embryo deformities, as compared  to TRVs available from
database or literature sources.

C Omnivorous Bird Reproduction and Survival—Are Levels of Site
Contaminants Sufficient to Cause Toxic Effects or Reproductive
Impairment to Omnivorous Birds?

< Risk to omnivorous birds will be evaluated through examination
of whole body COPC levels, egg COPC levels, and rates of
embryo deformities, as compared to TRVs available from
database or literature sources.

C Piscivorous Mammal Reproduction and Survival—Are Levels of Site
Contaminants Sufficient to Cause Toxic Effects or Reproductive
Impairment to Piscivorous Mammals?

< Food web or exposure modeling will be used to predict potential
exposure to COPCs because tissue concentrations from
piscivorous mammals are not available.  For PCBs, a exposure
model will be used.  Measured COPC concentration in fish (a
significant mink prey item) will be compared with threshold
NOEL (no observable adverse effect level) and LOEL (lowest
observable adverse effect level) values developed by Heaton, et al.
(1995a, b) and Tillitt, et al. (1996) based on mink fed
contaminated fish.  For dieldrin, DDT and mercury, a food web
model will be used. Modeled exposure is based on examining the
daily consumption of COPCs from all dietary sources—the oral
dose approach (EPA, 1993), described below.  This approach
principally considers intake concentrations of COPCs through
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prey items, but also examines potential intake of COPCs through
water and sediments.  Estimated dietary exposure will be
compared to a dietary reference dose.

6.2.4 Food Chain Model
The objective of this food web model was to predict the exposure to potentially
bioaccumulative COPCs, other than PCBs, which includes dieldrin, DDT and
metabolites, arsenic, and mercury which mink could encounter through feeding
on fish or consuming water and sediment from the Lower Fox River/Green Bay
site.  The food web modeling was used to calculate a total daily dose of the COPC
as a result of this consumption by mink.

The structure of the food web model is as follows:

where:

IR = total rate of COPC ingestion (mg/kg BW/day ww)T

C = concentration of the COPC in medium x (mg/kg ww)x

I = rate of ingestion of medium (mg or kg/day ww)x

Bf = relative bioavailability of the COPC from medium (unitless)x

EF = proportion of study area relative to entire home range (unitless)
bw = body weight (kg)

The equation was expanded to specify each of the three ingested media:

Exposure parameters for this model were based both upon Water Quality
Guidance for the Great Lakes System (40 CFR 132) and the Sheboygan River
Risk Assessment, and are shown in Table 6-3.  Literature sources (Alexander,
1977; Erlinge, 1969) note a reduced amount of fish in the mink diet during the
summer months, however, 85 percent fish dietary amount represents a reasonable
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amount for the spring, winter and fall mink diet (Alexander, 1977).  Mink prey
items of crustacea (e.g., crayfish), small mammals (e.g., muskrat) or bird eggs are
not included in this model both because of the limited data and the small
proportion these items represent in the mink diet.

In addition to the ingestion rates and dietary components, temporal exposure and
bioavailability were also considered.  It was assumed that mink, if present, would
use the site for the entire year, and the lower Fox River and southern Green Bay
shoreline would encompass their entire home range, thus an exposure factor of
one.  Similarly, it was assumed that any COPCs present in sediment, water, or
prey would be 100 percent bioavailable to the mink.

6.2.5 Conceptual Site Model
For toxicity to occur, a contaminant must be present, a receptor must be present,
and there must be a complete exposure pathway by which the receptor is exposed
to the contaminant.  The conceptual model identifies where contaminant
interactions with biota can occur.  A conceptual model describes the fate and
transport of site contaminants through the physical system (in this case, the water
and sediments of the Lower Fox River and southern Green Bay) and key receptor
contaminant exposure pathways.  The conceptual site model to be used in the
BLRA for the Lower Fox River site is presented in Figure 6-1, and was based on
the conceptual model from the SLRA.  Differences from the SLRA site conceptual
model include the removal of aquatic vegetation and waterfowl exposure
pathways.  While there may be risks to and through those exposure pathways,
determining risks through the remaining pathways correctly characterize the
system.

The principle components of the conceptual site model are described below and
are intended to be inclusive of the trophic structure that is present at the site and
potentially most at risk.  Primary and secondary exposure pathways are discussed,
as applicable.
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Exposure Media
Exposure media are those abiotic media containing COPCs that can be potentially
transferred to aquatic organisms.  For this risk assessment, these media include:
surface water, sediment, and sediment pore water.

Primary Producers
Phytoplankton are primary producers whose principal exposure route is through
active or passive uptake of contaminants from surface water.  Phytoplankton, in
turn, are a food base for both fish and some benthic invertebrates.

Detritus
Detritus is primarily composed of dead organic matter and is rich with detrivores
and microbial decomposers.  The detrital food chain is important because it is the
main base of carbon and energy in river and bay sediments.

Primary Consumers
Primary consumers are those organisms (zooplankton and benthic infauna) that
feed directly on the phytoplankton or detritus/organic carbon within the
sediment.  Principal uptake routes of contaminants include respiration (uptake of
dissolved contaminants across respiratory organs such as gills or filaments, and
across body walls) from surface water or pore water, ingestion of contaminated
food items, and direct ingestion of sediment for benthic infauna.  Secondary
routes can include ingestion of surface water or pore water, and direct contact
with contaminants in sediment.

Secondary Consumers
Secondary consumers are those insects, fish (e.g., carp, perch, alewife) or birds
(e.g., tree swallows) that may feed on either the primary producers and/or primary
consumers.  Some benthic organisms may also be secondary consumers.  Principal
exposure routes for this group of organisms include respiration and ingestion of
contaminated sediment or prey.  Secondary exposure may occur through water
ingestion and direct contact with contaminants in sediments or surface water.
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Higher Consumers
Higher consumers in the Lower Fox River/Green Bay system include omnivorous
fish (walleye), piscivorous birds (cormorants, terns), and piscivorous mammals
(mink).  For omnivorous fish, principal uptake routes are through respiration and
ingestion of contaminated prey.  Of secondary importance would be ingestion of,
and/or direct contact with water or sediment.  For piscivorous mammals and birds,
the principal exposure route is ingestion of contaminated prey.  Of secondary
importance for piscivorous mammals would be ingestion of, and/or direct contact
with water or sediment.

Top Predators
Top predators in the Lower Fox River/Green Bay system include omnivorous birds
(bald eagle).  For omnivorous birds, the principal exposure route is ingestion of
contaminated prey.  The bald eagle may prey on any of the species listed as higher
consumers.  Of secondary importance is ingestion of, and/or direct contact with
water or sediment.

Ecological Receptors
The ecological receptor species selected for the Lower Fox River site were chosen
to be representative of the assessment and measurement endpoints.  Effects to
receptor species are models for providing an answer to the risk questions posed.

Model receptor species were also selected as representatives of the various
identified trophic levels in the conceptual site model.  As representatives, the
selected species were intended to conservatively estimate potential risk to species
present in the Lower Fox River/southern Green Bay system.  Receptor species were
primarily selected based on an elevated potential for exposure to contaminants of
concern and sensitivity to contaminants of concern.  This species evaluation
included use and range of habitat types, trophic level, use as prey by predators,
species specific site data, and toxicological data from the literature.

Selected receptor species for evaluating potential exposure in the Lower Fox River
system were: invertebrates, alewife, rainbow smelt, emerald shiner, gizzard shad,
yellow perch, carp, walleye, tree swallow, Forster’s tern, common tern, double-
crested cormorant, bald eagle, and mink.  The life stages and habitat use for each
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selected receptor species are described below including, when possible, site specific
information.

While the population status of many of the receptor species are discussed below,
evaluation of the receptor’s current population, as a measure of risk, will not be
evaluated.  While population-level endpoints can be an appropriate tool to assess
risk, those data must be viewed within the context of other confounding
environmental factors.  These can include such things as immigration, emigration,
food availability, habitat suitability and availability, species competition,
predation and weather.

Invertebrates.  Both aquatic and benthic invertebrates accumulate and transfer
contaminants up the food chain.  As indicated, phytoplankton are exposed to
chemicals through the water column.  Consumers of phytoplankton in the Lower
Fox River/Green Bay system include zooplankton, gizzard shad, and emerald
shiner.

Benthic invertebrates are in direct contact with sediments and pore waters, are
generally stationary, are known to accumulate contaminants, and are an
important food base for higher level trophic organisms, particularly fish.  Species
of oligochaetes (worms) generally feed on dead organic matter including fine
detritus, algae, and other microorganisms (Barnes, 1980).  The primary food for
chironomids is planktonic algae and detritus.  Chironomids and oligochaetes are
normally found in greatest abundance in soft sediment deposits in pools, runs of
streams, profundal areas and littoral areas of lakes with soft bottoms, and harbor
or bay areas where stream transported sediments have been deposited.  River rock
are not preferred habitat.  Invertebrate sensitivity to contaminants varies widely
with each species and can range from sensitive (e.g., mayflies) to relatively
insensitive (e.g., chironomids and worms).

Based on a study of the benthic communities in Little Lake Butte des Morts
(Integrated Paper Services Inc., 1992a, b), and investigations of the benthic
communities in the Lower Fox River alone (WDNR, 1996), and in the Lower Fox
River and southern Green Bay (Call et al., 1991), the benthic communities are
generally dominated by chironomids and worms.  In 1992, benthic infaunal
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characterization was conducted at 12 stations in deposits A, B, and C within the
Little Lake Butte des Morts reach (IPS, 1992).  Based on this characterization,
oligochaetes (segmented worms) were the most prevalent type of worm found and,
on occasion, Turbellaria (flatworms) were fairly abundant.  There was a general
absence of sensitive species (e.g., burrowing mayflies).

Within the Appleton to Little Rapids reach, the only available benthic infaunal
characterization was conducted in 1988 (IPS, 1990).  The observed communities
were similar to those observed in the 1990 Little Lake Butte des Morts study.
Benthic communities were dominated by oligochaetes and chironomids, with the
worms again being numerically dominant.  There was a complete absence of
sensitive species.

Benthic communities in the segments of Little Rapids to De Pere reach and the
De Pere to Green Bay reach are similar to those observed upstream in soft
sediments.  Benthic communities consist largely of oligochaetes and chironomids,
with the worms being numerically dominant, and there is an absence of sensitive
species.

Overall, investigations of the Lower Fox River and southern Green Bay benthic
communities determined that there was low taxa richness (number of taxa at each
sampling location), and low community diversity (the number of species relative
to the abundance of species) (Integrated Paper Services, Inc., 1993; WDNR,
1996).

Fish.  Rainbow Smelt.  Rainbow smelt (Osmerus mordax) is a nonindigenous species in the
Great Lakes which has become widespread and abundant (Jones, 1995).  They
principally feed on zooplankton as juveniles and adults, but can also feed on small
fish (Mills et al., 1995) and are, in turn, among the fish consumed by walleye
(Wolfert and Bur, 1992).

These fish average 6 to 8 inches in length and they spawn on sandy beaches near
river mouths in late April in the Great Lakes.  They reach sexual maturity in
approximately 2 years and can live up to 8 years.  Generally, rainbow smelt are
found in cool and dark offshore areas.
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Gizzard Shad.  Gizzard shad (Dorosoma cepedianum) is an abundant planktivore in
many central and southern United States lakes (Sheperd and Mills, 1996).
Gizzard shad first feed exclusively on zooplankton and later, as juveniles, on
zooplankton, detritus, and phytoplankton (Sheperd and Mills, 1996).  These fish
are prey for walleye (Wolfert and Bur, 1992).

Emerald Shiner.  Emerald shiner (Notropis atherinoides) is a small forage fish that, as
an adult, can reach 3.5 inches in length.  These fish spawn from late May to
mid-July.  Juveniles feed only on algae, and adults feed primarily on zooplankton
(Muth and Busch, 1989).  These fish are prey for walleye (Wolfert and Bur,
1992).

Alewife.  The alewife (Alosa pseudoharengus) is a small, anadromous, pelagial forage
fish that prefers open water and sandy habitats.  This species was introduced into
Lake Michigan in the 1940s (Hewitt and Stewart, 1989) and is found in each of
the Great Lakes.  Individuals of these landlocked populations are generally half
the size (averaging approximately 6 inches in length) (Scott and Crossman, 1973)
of the marine alewife, where adults can reach 15 inches in length.

In Lake Michigan, introduced sea lampreys have greatly reduced the number of
large predatory fish, and, therefore, the alewife populations have had an
opportunity to increase.  In the 1970s, alewife were the dominant fish species in
Lake Michigan (Hewett and Stewart, 1989), however, the alewife population
collapsed in the early 1980s (Mason and Brandt, 1996).  Alewife compete with
lake herring, whitefish, chubs, and perch for plankton and invertebrates.  Both
adult and young alewife primarily eat zooplankton including:  copepods,
cladocerans, mysids, and ostracods (Scott and Crossman, 1973).

Approximately 75 percent of the juvenile alewife diet is composed of cladocerans
and ostracods, while adults (greater than 4.7 inches) may eat more benthic
amphipods, fish eggs and larval fish of other species.  Predation by alewives on
native fish eggs and larvae may be contributing substantially to the decline of the
native fish species (Hewett and Stewart, 1989).  In Lake Michigan this is
particularly true for yellow perch, where year-class strength has been inversely
related to abundance of alewife (Mason and Brandt, 1996).  Alewife have also
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been implicated as a principle factor in the failure of lake trout populations in the
Great Lakes, including Lake Michigan (Jones, 1995; Holey, 1995).

Alewife travel in dense schools, moving towards nearshore waters in the spring
(mid-March and April) and spawning during the early summer.  In the fall and
winter these fish move offshore and to the bottom of the lake to feed.  Alewife
die-offs are believed to occur because of rapid temperature changes and wide
fluctuations in temperature (Hewett and Stewart, 1989).  Severely cold winters,
and the spring and summer return to shallow warmer waters, can initiate die-offs
(Scott and Crossman, 1973).

After spawning, hatching takes place in about 6 days.  These newly hatched young
remain in the spawning grounds until in the late larval stage and then they move
into deeper yet still protected waters.  Larvae mature into juvenile fish at
approximately 40 days after hatching (31 mm length and 0.161 g) (Hewett and
Stewart, 1989).  By the fall, these juveniles are 2 to 3 inches in length (Scott and
Crossman, 1973).

In Lake Michigan, alewife are eaten by several fish species, including walleye and
perch.  The principle predators of alewife in Lake Michigan are coho salmon
(Onchorynchus kisutch), which have been stocked in the Lake, and lake trout, which
are native (Flath and Diana, 1985).

Yellow Perch.  Yellow perch (Perca flavescens) are native to Green Bay and are a
popular commercial and recreational catch species.  Between 1889 and 1970,
average catch rates were 2.4 million pounds per year from Green Bay.  Because of
the dramatic decline in perch since 1990 (a loss of 80 percent of the population),
beginning in January 1997, Wisconsin banned commercial fishing and reduced
daily recreational limits to five fish.

Generally, females are larger than males with average adult lengths of 9.8 ± 0.5
inches and 8.9 ± 0.4 inches, respectively (Wells and Jorgenson, 1983).  In Lake
Michigan, sexual maturity in perch has been found to be at 1 year for some males
and 2 years for most males.  All males greater than 5 inches were mature.  In
contrast, some females reached maturity in their second year but most matured
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by the third year and, a few not until their fourth year.  Generally, females greater
than 7 inches were mature (Wells and Jorgenson, 1983).

Spawning in southern Lake Michigan generally occurs from late May to mid-June
(Wells and Jorgenson, 1983).  Vegetated areas of shallow lake waters and often
tributary rivers are used as spawning sites (Scott and Crossman, 1973).

Perch are adaptable to temperature variability and are usually found in waters up
to 30 feet deep with sand gravel or muddy bottoms (Scott and Crossman, 1973).
At night, these fish are not active and rest on the bottom.

Feeding preferences of perch change with age and season.  As young fish, perch
primarily feed on zooplankton and switch to a diet of benthic invertebrates, eggs,
and young fish as they age (Scott and Crossman, 1973).  In turn, perch are prey
for several fish and bird species (Scott and Crossman, 1973).

Carp.  Carp (Cyprinus carpio) is an abundant bottom-dwelling species found in
southern Green Bay.  Adult carp have been found to range in length from 16 to
23 inches, and weigh from 2.5 to 22 pounds (Weber and Otis, 1984).

Carp spawn in shallow, vegetated waters when water temperatures range from
26°C to 28°C (Scott and Crossman, 1973).  In the Fox River/Green Bay, water
temperatures may permit spawning from May to August.  Based on an
investigation of carp in Lake Winnebago and nearby lakes, preferred spawning
areas were shallow vegetated waters (0.5 to 4 feet deep), but also included a
variety of habitats (Weber and Otis, 1984).  Through their first summer, carp fry
are strongly associated with vegetation as protective cover in 0.5 to 1 foot of
water (Weber and Otis, 1984).

Young-of-the-year (YOY) carp eat copepods, chironomids, and cladocerans.  On
a weight basis, chironomids are the dominant food source (Weber and Otis,
1984).  Adult carp eat both plant and animal material generally from sediments
and occasionally from the surface.  Prey can include aquatic insects, crustaceans,
annelids, molluscs, aquatic plants and algae.



Baseline Human Health and Ecological Risk Assessment

6-30 Ecological Risk Assessment

After the first season of growth, carp are generally 5.1 to 7.5 inches long (Scott
and Crossman, 1973).  Although young carp are food for both birds and other
fish, when they reach 3 to 4 pounds, they are likely no longer prey.  Carp are used
as forage for scavengers, such as eagles.

Walleye.  Walleye (Stizostedion vitreum) is a popular, year-round game and
commercial fish found in Lake Michigan, generally in areas less than 7 m deep
(Magnuson and Smith, 1987).  These fish range in length from 13 to 25 inches
and weigh from 1 to 5 pounds.

These fish are generally found close to the sediments when at rest.  During
feeding, between dusk and dawn, these fish move towards shallow vegetated areas
or rocky shoals.  Walleye diet is seasonally dependent.  Feeding is infrequent
when water temperatures are below 15°C, and feeding is generally greatest in the
summer and early fall when forage fish are abundant.

YOY walleye are believed to eat mainly phytoplankton, including diatoms and
blue-green algae.  At approximately 30 mm in length, young walleye begin to feed
on fish, including alewife and yellow perch.  For older walleye, fish dominate the
diet except during times when prey fish are less abundant, in which case, walleye
will feed on benthic invertebrates.  For both young of the year walleye and older
walleye, prey is selected that is less that 90 mm total length (Wolfert and Bur,
1992; Knight et al., 1984).

Walleye diets were investigated in spring and fall in three areas of the Lower Fox
River and southern Green Bay system:  just below the De Pere dam, at the mouth
of the Lower Fox River, and at Sherwood Point Light in Green Bay (Magnuson
and Smith, 1987).  Walleyes collected at the mouth of the Lower Fox River were
the only fish to contain all three major forage fish—alewives, rainbow smelt, and
gizzard shad.  This station was only investigated in the fall.  Invertebrates were
the only prey at the site below De Pere dam and were consumed in both the
spring and fall.  The diet of walleye collected from Sherwood Point Light was also
only fish.
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Male walleye reach maturity at 2 to 4 years old and females reach maturity at 3
to 6 years old (Scott and Crossman, 1973).  Walleye spawn at night in nearshore,
rocky, gravel bottom areas, such as areas below dams in rivers or the edges of
lakes.  Favored conditions for spawning include temperatures of 6.7 to 8.9 °C,
although 5.6 to 11.1°C is acceptable.  In Lake Winnebago, the timing of spawning
has been recorded as a 2- to 3-week period between the first week in April and the
first week in May (WDNR, 1970).  Walleye from Green Bay move upstream into
the Fox River to spawn, however, their movement is restricted by the De Pere
dam (Magnuson and Smith, 1987).

Walleye can be caught in surface waters up to lengths of approximately 35 mm
(WDNR, 1970).  Once bigger, it is assumed that the fish are near the sediments.
YOY fish can be found near the sediments in 20 to 30 feet of water (Scott and
Crossman, 1973).

Walleye are tolerant of a range of environmental conditions, particularly turbidity
and low light.  Generally these fish are in depths of 49 feet or less and form loose
schools (Scott and Crossman, 1973).  Spawning grounds, for which walleye may
have a homing instinct, and summer territories are distinct areas.  The range of
summer area is generally limited to 3 to 5 miles.

Fish Population Data.  Through the mid-1970s the populations of fish species, such as
walleye and perch, were low within the Lower Fox River and southern Green Bay
ecosystems.  Low dissolved oxygen conditions brought about by uncontrolled and
untreated wastewater dumped into the River were believed to be a contributing
factor causing low population levels.  Principal species found within the system
were those that could tolerate the low oxygen conditions, especially bullhead and
carp.

With the institution of water quality controls in the mid-1970s, dissolved oxygen
conditions improved and the WDNR undertook a program to reintroduce walleye
into the River and Bay through a stocking program beginning in 1973.  That
program was wholly successful; self-sustaining populations of walleye now exist
within the river and bay.  Recent electrofishing catch data for walleye from De
Pere dam to the mouth of the Lower Fox River are contained in Figure 6-2.  The
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rate of walleye catch per effort (number of fish per hour) between 1986 and 1997
indicates that walleye are well established in this region.

In addition to walleye, a number of other species became re-established in the
Lower Fox River and Green Bay, including white and yellow perch, alewife, shad,
bass, and other species.  Historical anecdotal data from the Oneida tribe and more
recent creel survey data from the WDNR indicate that Duck Creek and Suamico
tributaries to southern Green Bay were used by numerous fish species (Nelson,
1998).

Birds.  Tree Swallow.  Tree swallows (Iridoprocne bicolor), migratory songbirds, breed in and
migrate through the Lower Fox River region.  Tree swallows nest in semi-colonial
groups in natural cavities (trees, posts, stream banks) near water.  Tree swallows
feed exclusively on insects, predominately aquatic insects.

Naturally-nesting tree swallow population data is not available from the Lower
Fox River and Green Bay.  Studies of these birds in this region have used artificial
nest boxes rather than relying on naturally nesting populations (Ankley et al.,
1993; Custer et al., 1998).

Forster’s and Common Tern.  Forster’s tern (Sterna forsteri) and common tern (Sterna
hirundo) are migratory species of colonial waterbirds that breed in the Great Lakes
and generally winter in more southern coastal areas.  These species are listed by
the WDNR as endangered, as are other terns, including the Caspian tern (Sterna
caspia).  Around the Green Bay area, nesting Forster’s terns have been reported
since the late 1930s, although they were likely nesting without record prior to this
period.  The Forster’s tern preferred habitat is around wetlands and terns feed
mainly on small fish (alewife, emerald shiner, and rainbow smelt) and on some
aquatic invertebrates.

Both common and Forster’s tern were listed in 1979 as endangered in the state
of Wisconsin.  To enhance population success, Forster’s tern platforms have been
placed at several locations in the state, including Green Bay.  The six monitored
island platforms in Green Bay indicated feeding but not nesting activity.  For the
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common tern, fencing and ring-billed gull control have been used to enhance
breeding success.

The uncertain population status for the Forster’s tern is further supported by the
variability present in historical data (Figure 6-3).  Forster’s tern population levels
are generally believed to have declined over the past 100 years in Wisconsin due
in part to marsh draining and other habitat disturbance, plume hunting, and
potentially chemical contamination (Mossman, 1988).  For example, nesting at
the Duck Creek Delta was abandoned in 1973, likely because of high water and
loss of emergent vegetation; nesting pairs moved to the Bay Port Industrial Tract
(Mossman, 1988).  In 1987, Kidney Island was the only known nesting location
in Green Bay.

Population data reported in June, 1997 for the previous year, indicates that for
both species, population status is uncertain and requires additional study
(Matteson, WDNR, personal communication).  For the common tern, of the six
colony sites recorded in the state, two are in Green Bay within the study area for
this report:  Kidney Island and Pensaukee Dredge Spoil Island, with an estimated
number of breeding pairs of 16 and 75 respectively for each location.  For the
Forster’s tern, of the nine colony sites recorded in the state, two are within the
study area for this report: Long Tail Point and South Oconto Marsh, with an
estimated number of breeding pairs of 70 and 45 respectively for each location.

As with the Forster’s tern, both inland and coastal populations of common terns
have faced recent historical population declines during the period of the 1950s to
the 1980s.  It is believed that these declines were due to:  nesting site competition
with ring-billed gulls, decreased adequate habitat, high-water levels, human
disturbance, predation, and organochlorine contamination (Matteson, 1988).  For
the Great Lakes region, the population decline occurred primarily during the
1960s to the 1980s.  In Southern Green Bay, there were 135 recorded nesting
pairs in 1976, 427 in 1985, 577 in 1986, and 280 in 1987.  In 1997 one
common tern nesting pair was recorded at Kidney Island and 74 nesting pairs
were recorded at Pensaukee (Cuthbert, 1998 personal communication).
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Double-crested Cormorants.  Double-crested cormorants (Phalacrocorax auritus) are a
migratory species of colonial waterbird that breed in the Great Lakes and
generally winter in coastal areas, including Alaska.  These birds nest in large
communities in a variety of habitats including cliffs, grassy slopes, low bushes, or
dead trees.  Historically, the double-crested cormorant population in the Great
Lakes region has experienced large population declines, beginning in the 1950s
and continuing through the 1970s, largely from the presence of contaminants.
More recently, populations of double-crested cormorants in the Great Lakes
region have greatly increased (Weseloh et al., 1994).

Cormorants consume approximately 25 percent of their body weight each day and
on average weigh 1.9 kg.  The primary food consumed is small fish such as
rainbow smelt and alewife, and, as available, perch.

In 1972, the double-crested cormorant was listed as a Wisconsin state endangered
species due to the lack of nesting pairs of birds in the state.  Beginning in 1973,
State, academic and federal agencies (WDNR, USFWS, National Parks Service,
University of Wisconsin, Wisconsin Society of Ornithology) combined efforts to
catalog the colony location, size, and reproductive success of the double-crested
cormorant throughout Wisconsin.  By 1986, populations in the state increased
such that the double-crested cormorant was removed from the Wisconsin state
endangered species list.

Prior to 1979, inland breeding populations exceeded the number of nesting birds
on the Great Lakes.  Since 1990, however, the Great Lakes population of double-
crested cormorants has exceeded the inland population levels by approximately
five times (Matteson, 1998 personal communication).  The nesting population in
the Green Bay and Lake Michigan region, as of 1997, accounted for 81 percent
of the total breeding population.  The largest colonies were found in the following
four locations:  Spider Island, Cat Island, Hat Island, and Jack Island as indicated
in Figure 6-4.  Of these islands, Cat Island is located closest to the mouth of the
Fox River and contains the second highest density of double-crested cormorants.

Bald Eagles.  Bald eagles (Haliaeetus leucocephalus) preferred habitat is one in which
there is a large water-to-land edge area and where there are large areas of
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unimpeded view (Palmer, 1988).  Eagles are not generally found in areas of high
human use (EPA, 1993).  Within the Great Lakes area, some eagles are present
on a year-round basis, while others are transient and winter in more southern
locations (Palmer, 1988).  This region contains the largest number of nesting
eagles in the U.S., excluding Alaska (Palmer, 1988).

Breeding activity usually begins at 5 years of age.  In a study of nesting sites, 54
percent of nests were found to be within 46 meters of the shoreline, and 92
percent were within 183 meters of the shore (EPA, 1993).

For feeding, eagles often follow each other or other species in search of prey
(Palmer, 1988).  The estimated prey weight limit is 5 pounds (Palmer, 1988).
The majority of the bald eagle diet is fish, but can also include waterfowl or other
birds, or mammals.  Diet selection depends on the abundance of prey because
bald eagles are opportunistic (EPA, 1993).  Prey can either be taken live or as
carrion (Palmer, 1988).

In August of 1997, the bald eagle was removed from Wisconsin state threatened
classification, although it is still a federally-listed threatened species.  Based on an
aerial survey conducted in 1997, 632 active nests were counted throughout
Wisconsin with a total of 739 young produced.  Based on personal
communication with Patricia Manthey (1998), there is a successful nest site one
mile east of the city of Kaukauna (Township 21 N, Range 19 E, Section 19).
Reproductive data from a nest, located within the 1,000 Island Nature
Conservancy (Township 21 N, Range 18 E, Section 24), indicates that between
1988 and 1989, and 1991 and 1995, there were between one to three successful
eagle fledges.

While there are no exposure point or population data for bald eagles in the Little
Lake Butte des Morts area, wintering eagles have been documented loafing and
foraging between Appleton and Wrightstown.  Aerial surveys for bald eagle nests
found none on the Lower Fox River between 1968 and 1987.  By 1992,
approximately 25 to 30 eagles were sighted between Appleton and De Pere.  Since
1994, wintering eagle counts in this area have ranged from 2 to 17.
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Mammals.  Mink.  Mink (Mustela vison), high trophic-level, opportunistic carnivores, are
found throughout the United States.  They are found near all types of aquatic
habitats, preferring protected wetlands with ample vegetative cover, as opposed
to open water sites.  The presence of mink around the Lower Fox River system has
not been confirmed, although adequate habitat is present (Patnode, WDNR
personnel, personal communication, 10/98).  Limited presence may be due to the
mink’s sensitivity to PCBs (Tillitt et al., 1996).  Their prey can include:  birds,
small mammals, crustaceans, and fish.  In Michigan, fish is a dominant portion
of the mink diet particularly in size classes of 2 to 7 inches (Alexander, 1977).

The size of home range areas is dependent on both the availability of vegetative
cover and prey.  Seasonal changes may affect availability of prey and, therefore,
habitat use (Linscombe et al., 1982).  In the winter, habitat use is restricted.
Home ranges for adult males have been measured at 1,800 to 5,000 square meters
with an average of 2,630 square meters, while home range size for juvenile males
is half that size (Linscombe et al., 1982).  Female home ranges have been
measured at 1,000 to 2,800 square meters with an average of 1,850 square meters
(Linscombe et al., 1982).

Mink dens have been found between 5 and 100 m of the water and mink have
not been witnessed more than 200 m from the water (EPA, 1993).  Dens are
cavities supported by rocks or tree roots that are above the water line.  The
availability of suitable dens can limit the number of mink in an area.  Mink reach
sexual maturity at 10 months of age, and they can reproduce for 7 years (EPA,
1993).

Exposure Routes
Exposure routes define how ecological receptors are potentially exposed to
COPCs.  This section describes the potential exposure routes for the ecological
receptors identified previously.  Exposure routes involve either water, sediment or
trophic transfer through food consumption.  These exposure routes are described
below and summarized in Table 6-4.

Water.  Phytoplankton and zooplankton are exposed to dissolved contaminants from the
water column through respiration, ingestion, and direct contact.  Zooplankton



Baseline Human Health and Ecological Risk Assessment

Ecological Risk Assessment 6-37

may ingest particulate-based contaminants during feeding.  Benthic invertebrates
also can experience contaminant transfer through direct contact with pore waters,
although this is usually not the primary exposure route.  Exposure to
contaminants through gill respiration is a primary exposure route for fish.  Direct
contact with water can also result in chemical exposure in fish, although this is a
secondary exposure route.  Wildlife can also be exposed to contaminants through
ingestion of water.

Sediment.  Primary exposure routes for benthic invertebrates are through direct contact
with sediments and ingestion of sediments.  For benthic fish, omnivorous, and
piscivorous birds, and omnivorous mammals, incidental ingestion of sediments
can occur during feeding on fish or benthic invertebrates.

Food.  Transfer of contaminants through food consumption is a primary exposure route
for chemicals that bioconcentrate in tissues and particularly those that
biomagnify.  All of the COPCs have the potential to biomagnify up the food chain
except for lead and arsenic which can, however, bioconcentrate.  Therefore, lower
trophic level organisms accumulate less contaminants in their tissues from food
consumption than top predators.

6.3 Characterization of Ecological Effects
Described in this section are known biological effects of each COPC to identified
receptors, if available, or a similar species.  As part of this section, toxicity
reference values (TRVs) are selected that will be used as part of the risk analysis.
Individual TRVs are selected for each measurement endpoint.  TRVs are based on
contaminant levels that imply no adverse effects or on contaminant levels that
represent the lowest concentration at which adverse effects may occur.  TRVs may
be based on data from laboratory toxicological evaluations or field toxicological
studies.  In ecological risk assessments, a TRV is compared to an estimated
exposure dose level or tissue concentration for a particular ecological receptor in
order to assess the presence and degree of risk to that receptor from a COPC.

Two common TRVs used to predict ecological risk are the NOEL and a LOEL.
The NOEL is the highest dose at which adverse effects are not expected to occur,
and the LOEL is the lowest dose at which adverse effects are expected to occur.
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In order to derive TRVs, a comprehensive literature search was performed.  A
variety of databases were searched for literature references containing toxicological
information.  Some of these literature sources included Biological Abstracts,
Applied Ecology Abstracts, Chemical Abstract Services, Medline, Toxline, BIOSIS,
ENVIROLINE, Current Contents, Integrated Risk Information system (IRIS), the
Aquatic Information Retrieval Database (ACQUIRE) maintained by the EPA, and
the Environmental Residue Effects Database (ERED) maintained by the EPA and
U.S. Corps of Engineers.

In addition, a number of secondary literature sources provided summaries or
reviews of the toxicological literature related to a variety of contaminants.  These
documents were not used directly to derive TRVs because they do not capture the
details of the toxicological methods which are imperative to the selection of
technically defensible TRVs.  However, these summary documents provided an
excellent means of original studies that may have been overlooked in the database
searches.  Examples of such summary documents include Agency for Toxic
Substances Disease Registry (ATSDR) documents, U.S. Fish and Wildlife Service
Contaminant Hazard Reviews, U.S. EPA Great Lakes Water Quality Initiative
documents, and U.S. EPA Ambient Water Quality Criteria documents.

All studies were evaluated for their appropriateness for use in deriving TRVs.  A
number of criteria were considered when evaluating the appropriateness of using
a particular study for deriving a TRV.  The two most important considerations
were the suitability of the test result for achieving the identified objective, and the
likelihood that a similar result would be obtained if the test were repeated.  A
number of additional criteria were also considered.  For example, studies were
selected in which the test organism was similar to the receptor species.  Doses had
to be quantified and effects measured and reported.  The exposure duration was
preferably either chronic, sub-chronic, or involved a sensitive life stage, and
multigenerational studies were also deemed appropriate.  Sample sizes had to be
adequate and the treatment groups must have been compared to appropriate
control groups.  At the very least, a negative control should have been included
in the study design.  In addition, appropriate statistical analyses must have been
performed and the statistical significance reported.  Finally, the study design
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preferably included at least three treatments in addition to any controls which
may have been selected.

Finally, results were examined to determine if they were ecologically and
regionally relevant.  For the purposes of deriving a TRV for an ecological risk
assessment, an ecologically relevant endpoint is one closely tied to the survival of
a population in the field.  Usually, the endpoints that are measured for this
purpose are survival, growth, and reproduction.  Wherever possible, higher
priority was placed on TRVs derived for relevant receptors within Green Bay,
Lake Michigan, or the Great Lakes.

The selected TRVs are based on studies that most closely satisfied the above
requirements.  From these studies, the LOELs and/or NOELs were selected.
Professional judgement was used in some cases to select the most appropriate
TRV.  If only a LOEL or a NOEL could be identified from the studies, a
conversion factor of 10 was used to convert from one to the other (Calbrese and
Baldwin, 1993).

The studies which were used to derive toxicity reference values for this risk
assessment are described in each individual COPC section below.  In addition, a
summary of the TRVs selected is presented in Table 6-5.

The TRVs for both water column invertebrates and benthic invertebrates are
based upon accepted criteria or threshold values.  TRVs selected for water column
invertebrates are based on federal freshwater chronic National Ambient Water
Quality Criteria (NAWQC) limits, if available.  Sediment data will be interpreted
through the following hierarchy:

C ARCS Program Sediment Effects Concentration (EPA, 1996); if there
are no SEC criteria for that COPC, then

C Draft Federal Sediment Quality Criteria (SQC) (Federal Register, Vol.
59, No. 11, January 18, 1994); if there are no federal criteria for that
COPC, then
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C Environment Canada Threshold Effects Level (TEL) (Smith et al.,
1996), and

C Estimated Sediment Chemistry Screening Values (EPA, 1997b).

Sediment threshold values were first selected from the Assessment and
Remediation of Contaminated Sediments (ARCS) program because these
thresholds were derived for the Great Lakes based on survival, growth and
reproduction of the amphipod Hyalella azteca in sediment toxicity tests.  In the
absence of a ARCS SECs, the remaining criteria will be used in the order shown
(as discussed in the SLRA).

6.3.1 Polychlorinated Biphenyls (PCBs)

Polychlorinated Biphenyl Mode of Action
PCBs can produce a wide variety of responses in organisms, and have been
documented as neurotoxicants, hepatotoxicants, immunotoxicants, and
carcinogens (Safe, 1991; Shain et al., 1991).  Recently, PCBs have been
implicated as potentially causing endocrine (hormonal) disruption in certain fish
and wildlife species (EPA, 1997c).  However, this has yet to be fully documented
and, as such, risks of PCBs due to endocrine disruption will not be evaluated as
part of this BLRA.  PCBs potentially exert broad toxic effects on virtually all
organisms of concern in the Fox River watershed.  While sensitivity and responses
tend to be species-specific (Eisler, 1986a), general responses include lethality,
reproductive and/or development toxicity, hepatic lesions, tumor promotion,
suppression of the immune system, and induction of drug-metabolizing enzymes
(McFarland and Clarke, 1989; Safe, 1990).

PCB risks to wildlife may not be not adequately described by measuring
concentrations of Aroclors or total PCBs in water, sediments, or tissues
(McFarland and Clarke, 1989).  As noted in the Remedial Investigation,
expressions of Aroclors or total PCBs are summations of a complex mixture of
over 200 possible PCB congeners.  Within the ecotoxicological literature, there
is a growing body of scientific evidence that most dioxin-like toxic effects of PCBs
are due to relatively few of the 209 specific congeners possible within Aroclor
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mixtures.  McFarland and Clarke (1989) reported that as much as 75 percent of
tissue burdens of PCBs in invertebrates, fish, birds, and mammals could be
attributed to only 25 specific congeners.  The most toxic of these congeners are
the planar non ortho- or mono-ortho substituted PCBs, which chemically
resemble, and toxicologically behave similarly to, the 2,3,7,8 substituted
polychlorinated dibenzofurans (PCDFs) and dibenzo-p-dioxins (PCDDs) (Walker
and Peterson, 1991).  Collectively, these compounds are referred to as planar
chlorinated hydrocarbons (PCH).  Of the 209 PCB congeners, 20 can have a
planer configuration (Eisler and Belisle, 1996).  However, their potencies vary by
many orders of magnitude (Safe, 1991).

Examination of field and laboratory data suggest that many of the toxic effects
caused by PCHs are mediated subcellularly by the aryl hydrocarbon receptor
(Ah-R).   This receptor is involved in the translocation of PCHs into the nucleus1

and their subsequent binding to the PCH-Ah receptor complex on the DNA (Safe,
1991).

Several lines of testing have implicated PCB IUPAC No. 77, 81, 126, and 169
(planar PCBs) as major contributors to the toxicity of PCB mixtures (Ankley et al.,
1991).  Effects to wildlife can range from reproductive failure, birth defects, liver
damage, and tumors to wasting syndrome and death (Eisler and Belisle, 1996).
PCBs in vertebrates induce metabolic breakdown in the liver through enzyme
induction within the cytochrome P450 system (Eisler and Belisle, 1996).  The
degree of metabolic breakdown is primarily dependent on the degree of
chlorination and their spacial arrangement.  As the number of chlorine atoms in
the PCB molecule increase, and the number of unsubstituted adjacent carbon
atoms decrease, metabolic transformation decreases.  PCB elimination is limited
due to the highly lipophilic nature of these compounds that causes PCBs to
bioaccumulate in organisms and biomagnify up the food chain.
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As a means of normalizing toxicity amongst these dioxin-like compounds, toxicity
is expressed relative to the most toxic PCH (2,3,7,8 TCDD) by the use of toxic
equivalency factors (TEFs) (Safe, 1990, 1991).  TEFs are derived by setting the
toxic potency of 2,3,7,8 TCDD equal to one, and deriving the relative potencies
of other PCHs as the ratio of the concentration of PCH to the concentration of
2,3,7,8 TCDD producing an equivalent toxicological response.  TEFs have been
derived for a number of PCHs based on several comparative endpoints, including
lethality, deformities, and enzyme induction (e.g., aryl hydrocarbon hydroxylase
[AHH], ethoxyresorufin-O-deethylase [EROD]).  Multiplication of each congener
concentration by its respective TEF generates a concentration of TCDD-
equivalents (TCDD-Eq) for that congener, and the sum of TCDD-Eq  for each
congener yields the total toxicity for the mixture.  The TCDD-Eq approach
assumes that the toxic congeners act additively through a similar mode of action
to produce toxicity.

The practical application of TCDD-Eq occurs when the concentrations of
individual congeners are corrected for their relative potency, so that better
correlations are observed with the biological endpoints, such as lethality and
deformities in fish, mink, and birds (Ankley et al., 1989; Giesy et al., 1995, 1994a,
1994b; Tillitt et al., 1992; Walker and Peterson, 1991; Zabel et al., 1995).  By
comparing the TCDD-Eq in an exposed organism to the no observable adverse
effect concentration (NOAEC) of 2,3,7,8-TCDD for that species, the risk
associated with any mixture of PCDDs, PCDFs, and PCBs can be estimated.

TEFs relevant to this risk assessment were selected based on a review of TEFs
available from past and current literature sources (Table 6-6).  TEFs have, to a
degree, been developed for specific receptor types.  Justification of TEFs selected
for this assessment are provided below for fish, birds, and mammals.

TEFs have been derived for fish (salmonids) (Walker and Peterson, 1991;
Newsted et al., 1995; Zabel, 1995), because salmonids are known to be sensitive
species.  TEFs by Walker and Peterson (1991) selected for fish, were the same as
those proposed by Zabel et al. (1995).
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TEFs developed for birds include Tillitt et al. (1991) and Kennedy et al. (1996).
TEFs, proposed by Tillitt et al. (1991), used in this assessment, were developed
from analysis of extracts from colonial water bird eggs collected around the Great
Lakes region, including Green Bay.  These TEF values have been used extensively
in research around the Great Lakes (Tillitt et al., 1992; Jones et al., 1993;
Williams et al., 1995a, b; Ludwig et al., 1996; Froese et al., 1998).  Egg extracts
to derive these TEFs were specifically collected from double-crested cormorants
and Caspian terns.  TCDD-Eqs were derived through measuring cytochrome
P450-dependent EROD activity in H4IIE rat hepatoma cells.  Further analysis of
egg extracts from black crowned night heron, ring-billed gull, and common tern
indicated that TCDD-Eq levels in these species fell in the same range as the
original species tested.  Additionally, spike analysis using chicken eggs, indicated
that observed and expected TCDD-Eq levels were well correlated (r  = 0.95).2

More recent TEFs have been derived for birds through measuring EROD
induction in chicken embryo hepatocyte cultures (Kennedy et al., 1996).
Chickens are known to be one of the most sensitive avian species to effects from
PCHs (Eisler and Belisle, 1996) and are more sensitive than double-crested
cormorants or Caspian terns (Ludwig et al., 1996).  Therefore, TEFs developed for
avian species based on chicken embryo hepatocyte cultures were much greater
than TEFs previously proposed and used for risk assessment purposes.  For
example, the TCDD-Eq levels calculated using the Kennedy et al. (1996) TEFs
were approximately four times greater than the TCDD-Eq levels calculated using
the TEFs proposed by Safe (1990), and approximately 14 times greater than the
TCDD-Eq levels calculated using the TEFs proposed by the World Health
Organization (WHO) (Ahlborg, 1994; Kennedy et al., 1996).  Despite these
differences in calculated TCDD-Eq values, regression analysis indicated that each
TEF system was well correlated with measured TCDD-Eq levels, where r  = 0.982

for Safe’s TEFs and r  = 0.96 for WHO’s TEFs (Kennedy et al., 1996).  These2

results indicate that use of different TEF values can result in widely different
TCDD-Eq estimates, even though each are well correlated with actual TCDD-Eq
levels measured.

Finally, it is important that calculated TCDD-Eq levels be compared to threshold
levels that were derived from similar TEFs.  As further discussed below, TCDD-Eq
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threshold levels used in this assessment were derived from several sources.  EPA
(1989) TEFs, as adopted for international use by Ahlborg (1994) were used to
develop the threshold of 7 ng/kg egg, and the TEF values developed by Tillitt et
al. (1991) were used by Giesy et al. (1994) and Tillitt et al. (1992) for the
thresholds of 191 ng/kg and 308 ng/kg.  As such, the TEF values developed by
Tillitt et al. (1991) are the most relevant for use in this assessment.

For mammalian receptors, the most widely accepted TEFs are those derived by
Safe (1992).  Investigations into TEFs used for the assessment of PCB risk to
mink have found that a variety of TEFs were comparable in terms of predicting
risk (Leonards et al., 1995).  While the more recent TEFs developed by WHO for
international use were considered here, Safe’s TEFs (1992) were selected because
they were more conservative.

As discussed above, TCDD-Eq levels calculated may vary by an order of
magnitude and yet still be well correlated with actual measured levels.  Therefore,
a variety of TEFs may be defensibly used for the calculation of TCDD-Eq.  To
estimate PCB and dioxin risks to fish, birds, and mink, it is necessary to identify
a TCDD-Eq concentration in the tissues of the receptor organism that is
associated with a specific adverse effect.  As discussed above, two common
measures used are the NOEL and LOEL.  The NOEL is defined as the highest
concentration known to not cause unacceptable adverse effects.  The LOEL is the
lowest concentration measured associated with an adverse impact that is
statistically different from responses observed in control organisms in controlled
experiments.  In addition, where available, TCDD-Eq concentrations that are
associated with a 20 or 30 percent response may also define a hazard threshold
for the receptors of concern (i.e., EC20 or EC30).  Risk is assumed to exist when
the ratio of the concentration in the receptor tissue to the threshold exceeds one.
This ratio is often called the “hazard quotient” (HQ), and is used extensively to
estimate ecological risk (EPA, 1994).  It is important that threshold effect levels
of TCDD-Eqs be calculated from TEFs of a similar magnitude to those used in
estimating receptor exposure.
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Ecotoxicity of Polychlorinated Biphenyls (PCBs)
The effects of PCBs on Great Lakes fish and wildlife has been extensively
documented.  PCB-induced reproductive impairment has been demonstrated for
several fish species (Mac, 1988; Ankley et al., 1991; Walker and Peterson, 1991;
Walker et al., 1991a, b; Williams and Giesy, 1992), a number of insectivorous
and piscivorous birds (Kubiak et al., 1989; Gilbertson et al., 1991; Tillitt et
al.,1992) and mink (Aulerich et al., 1973, Aulerich and Ringer, 1977; Bleavins et
al., 1980; Wren, 1991; Giesy et al., 1994c; Heaton et al., 1995a, b; Tillitt et al.,
1996).  A more detailed discussion for each of the receptor groups is given below.

Polychlorinated Biphenyl (PCB) Toxicity to Aquatic and Benthic Invertebrates.
Invertebrates do not have an Ah receptor and are, therefore, not impacted by this
receptor mediated toxicity.  Because invertebrates have a limited cytochrome
P450 detoxification system, there is also limited metabolic breakdown of these
compounds.  As a result of these conditions, PCB toxicity to invertebrates is less
than that experienced by vertebrate species, and PCBs are retained in invertebrate
tissues.  The ability of invertebrates to accumulate PCBs from sediment or the
water column makes them good indicators of both sediment and water quality,
and makes available trophic transfer of these contaminants to fish and other
wildlife species.

Aroclor mixtures with elevated sediment hazard quotients (as determined in the
SLRA) within the Lower Fox River and Green Bay system include Aroclors:  1242,
1248, 1254, and 1260 (RETEC, 1998).  Therefore, these Aroclors are the most
likely contributors to water column PCB concentrations.  Data from toxicity
studies of PCB Aroclor mixtures have been compiled by the EPA on the AQUIRE
database.  Invertebrate toxicity data using the water flea Daphnia magna as a test
species for several Aroclors indicated toxicity in the range of 24 to 206 µg/L for
reproductive EC50s, and 25 to 253 µg/L for mortality LC50s.  In comparison, also
from the AQUIRE database, the 21-day LC50 for the midge Tanytarsus dissimilis
exposed to Aroclor 1254 was 0.45 to 0.65 µg/L.  Although this was the only
Aroclor tested, these toxicity test results suggest that midges, directly in contact
with sediments, may be more sensitive to PCB toxicity than zooplankton.
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Other reviews of PCB toxicity have suggested that PCB concentrations of greater
than 10 µg/L cause zooplankton death within a few days (and concentrations of
1-10 µg/L cause death over longer periods of exposure), while shrimp and oyster
invertebrates are more tolerant, where concentrations of greater than 10 µg/L or
greater than 25 µg/L may cause death (Niimi, 1996).  Sublethal effects, such as
zooplankton reproduction, are affected by PCB concentrations greater than 1 µg/L
and macroinvertebrate developmental effects can occur at concentrations of 0.5
to 5 µg/L (Niimi, 1996).

For determination of risks to pelagial aquatic invertebrates, a LOEL of 0.5 µg/L
total PCBs will be used with a 10-fold lower NOEL of 50 ng/L.  For determination
of risks to benthic infauna, the ARCS SEC (EPA, 1996) sediment value of 31.6
Fg/kg dry weight total PCBs will be used.

Polychlorinated Biphenyl (PCB) Toxicity to Fish.  Total PCBs.  PCB effects on fish
reproduction have been studied in the Great Lakes since the 1970s, when
salmonid hatchery managers noticed increased mortalities in chinook salmon fry
(Oncorhynchus tschawytscha).  Persistent organic contaminants were suspected as a
possible cause of the continued reproductive failure in salmonids (Mac, 1988).
PCB exposures in laboratory-rearing water produced similar symptoms and
mortalities as those observed in hatchery fry (Hogen and Brauhn, 1975; Berlin et
al., 1981; Mac, 1988; Williams and Giesy, 1992).  Significant lake trout
(Salvelinus namacyacush) mortality in early life stages has been reported for
contaminated regions of the Great Lakes, and PCB concentrations in eggs have
been proposed as one possible cause of recruitment failure in this species (Mac et
al., 1985; Mac, 1988).  Other reported effects to fish have included:  embryo
mortality, increased EROD activity in the liver, AHH induction in the liver, and
sublethal effects such as sluggishness or weight loss (Eisler and Belisle, 1996).

Reviews of PCB toxicity to fish have estimated that, like zooplankton, waterborne
concentrations of PCBs greater than 10 µg/L are lethal within a few days, and
waterborne concentrations of PCBs greater than 1 µg/L are likely lethal over a
longer period of time (Niimi, 1996).  Lethal concentrations of water-borne
Aroclor mixtures observed in the laboratory are generally higher than that
observed in natural situations.  The most sensitive lethal concentration shown in
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a laboratory study causing 50 percent mortality (LC50) to exposed sheepshead
minnows (Cyprinodon variegatus) was reported as 900 ng/L over a 21-day period
(Eisler, 1986).

Likewise, whole body environmental concentrations of PCBs in adult fish do not
generally result in death (Eisler and Belisle, 1996).  In field studies, lethal body
burden concentrations have been estimated at greater than 100 mg/kg for young
fish and greater than 250 mg/kg for older fish (Niimi, 1996).

Generally, the most sensitive endpoint for effects of PCBs on fish are found
during early life stage survival and recruitment as a result of PCB transfer from
maternal tissue to eggs (Eisler and Belisle, 1996; Walker et al., 1996).  Maternal-
egg transfer of PCBs have been demonstrated for salmon (Ankley et al., 1989),
trout (Newsted et al., 1995), pike (Larsson et al., 1993), and brook trout (Johnson
et al., 1998).  The research by Johnson et al. (1998) indicated that 39 percent of
adult female concentrations for TCDD were contained in eggs.  Niimi (1996)
summarizes numerous fish field studies evaluating PCB tissue concentrations and
adverse effects.  One of the most sensitive endpoints shown in this summary is
PCB adverse effects to fish eggs or oocytes.  These tissue values range from 10
µg/kg (50 percent decreased viability in eggs in ovaries) to 40 mg/kg (dry weight)
(causing 17 percent weight and 24 percent length growth reduction in flounder).
One of the more relevant studies included from the Niimi summary (Hogan and
Brauhn, 1975), showed that 2.7 mg/kg of Aroclor 1242 and 0.09 mg/kg of DDT
caused 75 percent mortality in 30-day post hatch rainbow trout fry.

Unfortunately, it is difficult to separate the effects of PCBs alone in these field
studies since the tissue concentration also contain varying amounts of other
organochlorine residues (e.g., DDT).  Nevertheless, the Niimi review does
conclude that greater than 50 mg/kg of PCBs may cause chronic effects in fish.
In comparison, within ERED, lake trout total PCB NOELs for mortality were, as
a whole, lower than mortality NOELs for other fish species, including:  pinfish,
sheepshead minnow, and channel catfish.  In the ERED database, the lowest
NOEL for lake trout mortality caused by total PCBs was 0.75 mg/kg wwt in whole
immature fish.



Baseline Human Health and Ecological Risk Assessment

6-48 Ecological Risk Assessment

PCBs have been measured in many important fish species of the Great Lakes, as
well as the most abundant species of the Fox River and Green Bay (e.g., alewife,
carp, perch, pike, walleye) (Ankley et al., 1992; Brazner and DeVita, 1998).
Unfortunately, for the selected receptor species in this BLRA, there are no
available toxicity reference values for PCBs or PCB congeners.  Much of the
available data is for salmonids.  Therefore, based upon both ERED database
values and the above studies, a NOEL of 0.5 mg/kg egg and 0.75 mg/kg in whole
fish were used as a total PCB TRVs for all fish species.

TCDD-Eq.  Studies of toxicity of individual PCB congeners to fish embryos have
demonstrated that the most toxic moieties within the PCB mixtures are 77, 81,
and 126 (Harris et al., 1994; Walker and Peterson, 1991; Zabel et al., 1995).
Lake trout eggs are particularly sensitive to PCBs (Mac, et al., 1985; Mac, 1988;
Zabel et al., 1995).  The lethal dose to 50 percent (LD ) of lake trout embryos50

exposed to PCB congener 126 was 29 ng/g egg (Zabel et al., 1995), while rainbow
trout exhibit less sensitivity, having an LD50 of 74 ng/g egg when exposed to PCB
congener 126 (Walker and Peterson, 1991).

Concentrations as high as 514 ng/kg TCDD-Eq wwt egg from field collected
chinook salmon were not found to have any significant impact on hatching to the
fry stage (Williams and Giesy, 1992). By contrast, Ankley et al. (1991) reported
that hatching success in field collected chinook salmon from Lake Michigan was
consistently reduced at egg TCDD-Eq concentrations greater than 100 ng/kg.

This is comparable to the reported NOELs and LOELs of 135 and 185 ng/kg egg,
respectively, and an LC50 of 200 ng/kg for sac-fry mortality in brook trout
(Salvelinus fontinalis) exposed in controlled laboratory experiments to 2,3,7,8
TCDD (Walker and Peterson, 1994).  More recent controlled laboratory
experiments using brook trout (Tietge et al., 1998) have indicated that adult
whole body concentrations of 1200 ng/kg, the highest dose tested, caused only a
slight adverse response.  The egg to whole body ratio of TCDD is generally
assumed to be 0.5 (Tietge et al., 1998) and, specifically for brook trout, has been
calculated to be 0.39 (Johnson et al., 1998).  Further, Johnson et al. (1998)
determined the LC50 for brook trout to be 127 ng/kg egg TCDD and indicated
that the dose response curve was very steep.  Steep dose response curves result in
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no effect and significant effect levels that are close to each other in terms of the
toxicant concentrations required to illicit these responses.  For example, Johnson
et al. (1998) also reported the brook trout a LOEL of 84 TCDD-Eq ng/kg egg, an
LC10 to be 88 ng/kg egg TCDD and the LC90 to be 184 ng/kg egg TCDD.
Other effects, besides lethality, were observed in the study (e.g., exophthalmia
effected 13.8 percent of surviving juveniles dosed at 41 pg TCDD per gram egg
level).  However, these effects were deemed not ecologically relevant (Johnson, et
al., 1998).

The reported NOEL for lake trout to 2,3,7,8 TCDD is 34 ng/kg (Walker et al.,
1991b), while rainbow trout show a sac-fry LD50 at 230 ng/kg egg (Walker and
Peterson, 1991).  One study that examined the toxic effects of both of PCB
congener 126 and 2,3,7,8 TCDD on lake trout eggs reported LD50s at 29,000
ng/kg and 85 ng/kg, respectively (Zabel et al., 1995).

The contrast in sensitivity of lake trout between Zabel’s study and Walker’s study
is attributed to differences in lake trout strain used (Zabel et al., 1995).  In this
last study, the signs of PCB 126 toxicity in the lake trout early life stages were
similar to those shown by TCDD, and included yolk-sac edema, multifocal
hemorrhages, craniofacial malformation, in addition to mortality.  However,
recent work has suggested that while the TCDD-like congeners act by a common
mechanism (i.e., the Ah receptor), the combined effects of TCDD with the
coplanar PCB congeners may not be strictly additive (Walker et al., 1996).
Despite this uncertainty, the additive model continues to be acceptable for
assessing risk because deviation from additivity  has been estimated to be within
an accepted 10-fold range (Walker et al., 1996).

To evaluate risk to River and Bay fish reproduction, this BLRA will use the LOEL
for brook trout of 84 TCDD-Eq ng/kg egg with a corresponding NOEL of 41
TCDD-Eq ng/kg egg (Johnson, et al., 1998).  These values were selected as they
were comparable to Walker and Peterson (1991).  These values may be
conservative; brook trout have been demonstrated to be more sensitive to PCHs
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than other Great Lake species found within the Lower Fox River and Green Bay2

(Elonen et al., 1998).  Consequently, those values should be sufficiently
conservative to be protective of most of the fish species in the system.

Polychlorinated Biphenyl (PCB) Toxicity to Birds.  Bird embryos are the most sensitive
life stage for assessing the effects of contaminants (Elliott et al., 1996; Kubiak and
Best, 1991).  The role of PCBs in reproductive impairment and development of
morphological abnormalities in emergent insect- and fish-eating birds has been
studied more than any other effect on wildlife species within the Great Lakes (Fox
et al., 1991a, b; Kubiak et al., 1989; Giesy et al., 1995; Williams et al., 1995a).
PCBs have been linked to lethality and deformities in embryos and chicks of
double-crested cormorants (Phalacrocorax auritus) (Tillitt, et al., 1992; Yamashita
et al., 1993), Caspian terns (Hydroprogne caspia) (Yamashita et al., 1993), and bald
eagles (Haliaeetus leucocephalus) (Giesy et al., 1995).

Total PCBs.  PCB toxicity and its effects have been extensively studied within the
Lower Fox River and Green Bay.  Kubiak et al. (1989) reported elevated PCB
concentrations in Forster’s tern (Sterna fosteri) colonies in Green Bay, that were
associated with both reduced hatching success and increased nest abandonment,
when compared to individuals in control colonies at Lake Poygan.  Harris et al.
(1993) sampled the same colonies 5 years later, and noted that measures of
reproductive performance (hatching success, number of young fledged, and length
of incubation) were improved from 1988.

In related studies, Jones et al. (1993) and Ankley et al. (1993) noted significant
accumulation of planar PCBs in eggs and chicks of two piscivorous birds (Forster’s
tern and the common tern [Sterna hirundo]), and two insectivorous birds (red-
winged blackbird [Aegelaius phoeniceus] and tree swallow [Tachycineta bicolor])
collected in the Lower Fox River and southern Green Bay.  Williams et al.
(1995a, b) found elevated PCBs in eggs of both the double-crested cormorants
(Phalocrocorax auritus) and the red-breasted mergansers (Mergus serrator) near Green
Bay.  Reproductive impairment in black-crowned night herons (Nycticorax
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nycticorax) and great blue herons (Ardea herodias) have also been attributed to PCBs
(Hoffman et al., 1986; Custer and Custer, 1995; Henshel et al., 1995).

The risks to avifauna reproduction on the Lower Fox River and Green Bay in this
document will be assessed by comparing measured levels of total PCBs or PCB
congeners (expressed as TCDD-Eq) in eggs to effects levels reported in the
scientific literature.

Total concentrations of PCBs in the eggs of bald eagles have been correlated with
reproductive impairment (Wiemeyer et al., 1984, Wiemeyer, 1990, Giesy et al.,
1995) and productivity (Bowerman et al., 1995; Wiemeyer et al., 1993; Best et al.,
1993).  The TRV selected for total PCB levels in bald eagle eggs was 4.0 mg/kg.
This concentration was found to be a NOEL for egg lethality (Wiemeyer, 1990).
This TRV was also used for double-crested cormorants, Forster’s terns, and
common terns, because, like eagles, these bird species are piscivores, and eagles are
potentially exposed to greater concentrations of contaminants because they are
higher trophic level predators.  A lower LOEL was found to cause deformities in
double-crested cormorants and Caspian terns, 0.8 mg/kg wwt (Ludwig et al.,
1996).  This LOEL will be used as a TRV to assess risk for deformities.

For tree swallows, representing insectivorous bird species, a total PCB no observed
adverse effect concentration (NOAEC) of 3.3 mg/kg in eggs will be used as a TRV
(Custer et al., 1998).  In the study by Custer et al. (1998), tree swallow
reproduction was investigated in Green Bay and reference areas and, although
mean concentrations of PCBs were significantly greater in eggs from Green Bay,
hatching success was not significantly different.

TCDD-Eq.  Hoffman et al. (1998), citing multiple studies in the Great Lakes region,
suggest that three PCB congeners (126, 77, and 105) account for over 90 percent
of the PCB toxicity in bird eggs, based on a TCDD-Eq evaluation.
Concentrations of TCDD-Eq that have been correlated with effects in feral
piscivorous birds have been reported by Giesy et al. (1994b), and by Hoffman et
al. (1996).  Table 6-7 presents TCDD-Eq concentrations reported in the literature
that are specifically associated with lethality (expressed as lethal doses [LD]) to
eggs of double-crested cormorants and Caspian terns in feral populations (Giesy
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et al., 1994b).  A plot of those data points, along with the “consensus value”
(discussed below) NOEL (7 ng/kg egg), is shown on Figure 6-2 and is further
discussed below.  A regression on those values shows a very tight correlation (r2

= 0.923).  In addition, Table 6-7 and Figure 6-2 also show points generated from
a regression analysis done by Tillitt et al. (1992) on egg mortality of double-
crested cormorants in the Great Lakes as a function of TCDD-Eq.  The line
equation has been used to generate TCDD-Eq concentrations in eggs that would
be associated with embryo death.  The values for 20 percent (191 ng/kg egg), 30
percent (308 ng/kg egg), and the NOEL (7 ng/kg egg) will be applied in this ERA
to estimate risks to avifauna.

The U.S. Fish and Wildlife Service developed a TCDD-Eq NOEL of 1 ng TCDD-
Eq/kg ww egg based upon a literature review of TCDD effects on developing
chicken embryos (USFWS, 1995).  The 1 ng/kg value was derived using an LC50
for chicken embryos of 100 ng/kg (Henshel, 1993), and applying an uncertainty
factor of 100.  Kubiak and Best (1991) developed a TCDD-Eq NOEL for bald
eagles of 20 ng/kg ww in the egg, based on TCDD-Eq calculation using the H4IIE
bioassay.  Giesy et al. (1995) reviewed the literature for TCDD-Eq NOEL/LOEL,
reporting a range of values from 1 to 114 ng/kg ww in eggs, and derived a NOEL
of 7 ng/kg ww in eggs.  This value has been adopted as a “consensus value” and
has subsequently been applied for assessing risks to avian reproduction in the
Great Lakes (Giesy et al., 1995; Froese et al., 1998).  This NOEL value, 7 ng/kg
ww in eggs, will be used as a risk threshold in this ERA.

Polychlorinated Biphenyl (PCB) Toxicity to Mammals.  Total PCBs.  Mink have been
shown to be highly sensitive to the effects of PCBs in the diet, sufficiently so that
they have been identified as an indicator species for water quality and ecosystem
health in the Great Lakes (EPA, 1993).  Effects of PCBs on domestic mink
(Mustela vison) in the Great Lakes were noted in the early 1970s (Aulerich et al.,
1971, 1973; Platanow and Karstad, 1973), and subsequent studies have
demonstrated that domestic mink survival and reproduction are greatly affected
by PCBs (Aulerich and Ringer, 1977; Bleavins et al., 1980).  Studies have
evaluated both the acute toxicity of specific Aroclors (Aulerich and Ringer, 1977,
1980; Bleavins et al., 1980), as well as reproduction and kit survival of mink fed
with PCB-contaminated fish (Aulerich et al., 1973, 1986; Heaton et al., 1995a,
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b; Hornshaw et al., 1983; Jensen et al., 1977).  PCB congeners, specifically the
mono-ortho substituted PCBs, cause reproductive failure at very low
concentrations (Kihlstrom et al., 1992; Leonards et al., 1995).

More recent studies have focused on assessing the risks to feral populations of
minks eating PCB-contaminated fish.  This has included documenting the
widespread presence of PCBs in wild mink tissues (Prouix et al., 1987; Foley et al.,
1988), and the potential exposure of wild mink populations to PCBs through a
fish diet (Giesy et al., 1994c; Heaton et al., 1995a, b; Tillitt et al., 1996).  In a risk
assessment conducted on three rivers in Michigan, Giesy and his colleagues found
significant risk posed to wild mink populations based upon concentrations of
PCBs found in fish prey (sucker, walleye, pike and salmonids).  Captive minks, fed
a variable percentage diet of PCB-contaminated carp taken from Saginaw Bay,
Lake Huron, were found to have statistically significant reproductive impairment
with as little as only 10 percent of the carp in the diet, establishing a total PCB
NOEL of 0.015 mg/kg prey and a LOEL of 0.72 mg/kg prey (Heaton et al.,
1995a, b; Tillitt et al., 1996).

In a related study of multigenerational effects on mink fed the same Saginaw Bay
PCB-contaminated carp, Restum et al. (1998) established a reproductive-based
LOEL of 0.25 mg PCB/kg ww in fish.  This LOEL was based on kit development
and not survivability.  A LOEL for kit survivability was established at 1.0 ppm
fish.  Since the Heaton/Tillitt LOEL value is lower than this, the 0.72 mg/kg prey
was selected as the TRV.

What was noteworthy in the Restum study was that adverse effects on kit survival
were observed even several months after the parents had been placed on the
control diet.  The inference was that effects on mink can be observed even after
short exposure periods to a contaminated PCB diet.

TCDD-Eq.  Few studies have examined the critical tissue residues for TCDD-Eq
adverse effects in mink.  Leonards et al. (1995) used literature data to derive a
critical body residue for mink reproduction of 160 ng/kg ww as TCDD-Eq.  Giesy
et al. (1994c) proposed a dietary NOEL for reproductive effects as 72 Fg/kg ww
total PCBs, and corresponding TCDD-Eq NOEL and LOEL as 2 and 20 ng/kg,
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respectively.  In a recent series of papers, Heaton et al. (1995a, b) conducted dose-
response experiments feeding PCB-contaminated carp to mink, and established
a dietary NOEL and LOEL based on 0.3 and 12.6 ng TCDD-Eq/kg in prey
species.  Tillitt et al. (1996) confirmed this dietary NOEL and LOEL of Heaton
et al. (1995b), and calculated a “threshold dose” of 1.9 ng TCDD-Eq/kg prey by
taking the geometric mean of the NOEL and the LOEL.  In the absence of tissue
residue-based values, risk will be determined using the dietary exposure values of
Heaton et al. (1995a, b) and Tillitt et al. (1996).

6.3.2 Dioxins

Dioxins Mode of Action
Dioxins, like PCBs, are polychlorinated hydrocarbons, and toxicity is believed to
be mediated intracellularly by binding with the aryl hydrocarbon receptor (AhR).
The resulting PCH-AhR complex moves into the cell nucleus, where it will bind
to the DNA, and may alter the expression of a number of gene sequences.  Many
of the observed toxic effects of dioxins (and the coplanar PCBs) are attributable
to specific alterations in gene expression (Giesy et al., 1994c).

Ecotoxicity of Dioxins
The effects of TCDDs have been thoroughly reviewed by Safe (1990) and by
Giesy et al. (1994b).  Dioxins are not generally acutely toxic to adult organisms,
but their long-term accumulation is thought to be expressed chronically, and may
ultimately result in death.  Key effects important to this BLRA are those causing
reproductive dysfunction.  The PCDDs and PCDFs are thought to cause
alterations to developmental endocrine functions (thyroid and steroid hormones),
as well as interference in vitamin production, which results in disruption of
patterns of embryonic development at critical stages (Giesy et al., 1994b).
General population-level manifestations of dioxin exposure include adversely
affected patterns of survival, reproduction, growth, and resistance to diseases
(Eisler and Belisle, 1996).  Poor reproductive efficiencies and adventive,
opportunistic diseases are characteristic of wild animals in these exposed
populations of the Great Lakes region (Giesy et al., 1994b).
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Ecotoxicity of dioxins to the specific receptor groups for the Lower Fox River and
Green Bay are the same as those described above for the PCB coplanar congeners
(i.e., TCDD-Eq concentrations).  The toxicological reference values cited above
will also be used for assessing dioxin risks.  The discussions below will be used to
either reinforce the selected TRVs, or to highlight uncertainties that may be
relevant for consideration when evaluating risk to receptors in the River and Bay.

TCDD/TCDF Toxicity to Aquatic and Benthic Invertebrates.  As discussed previously,
aquatic invertebrates are presumed to lack the Ah receptor, and, as such, are
thought to be relatively insensitive to dioxins.  Daphnia magna exposed to nominal
concentrations of TCDD in water were not affected at concentrations as high as
1,030 ng/L.  They can, however, bioaccumulate significant concentrations.  West
et al. (1996) exposed Chironomus tentans and Lumbriculus variegatus to dietary
concentrations of TCDD.  No toxic effects were observed in full life cycle tests
with either species at tissue residue concentrations up to 9,533 ng TCDD/g lipid.

TCDD/TCDF Toxicity to Fish.  As noted above, uptake of TCDD and TCDF in fish is
principally through bioaccumulation.  McKimm and colleagues (1985)
demonstrated that dissolution into water and transport of polychlorinated
hydrocarbons across the gill surface of trout is negligible.  As such, water
concentrations of TCDD will not be assessed in determining risks to fish in the
Fox River and Green Bay.

TCDD alone has been shown to be more toxic than the TCDD-Eq additive model
for coplanar congeners would predict.  This indicates that the TCDD-Eq model
may not take into account the potential for antagonistic or synergistic effects of
mixtures.  Walker et al. (1996) compared the toxicity of TCDD alone, and in
combination with the coplanar PCB congeners, to evaluate the utility of the
TCDD-Eq additive model in assessing risk to lake trout and rainbow trout.  Their
results showed that TCDD alone was more toxic to developing trout embryos
than combinations of the PCB coplanars with, or without, TCDD.  They
concluded that while the mixtures were less toxic, the deviation was within a
factor of 10, and that the TCDD-Eq model was still appropriate for use in risk
assessments.
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TCDD toxicity to fish embryos is highly species-specific.  Elonen et al. (1998)
recently compared the toxicity of 2,3,7,8 TCDD to egg viability for seven
freshwater species, several of which are found in, and are important to, the
ecology of the Fox River and Green Bay (see discussion above for species list).
Within their study, they found that fathead minnow and channel catfish had the
greatest sensitivity (LC50 of 539 and 644 ng/kg TCDD egg, respectively), while
northern pike and zebrafish were the least sensitive (2,460 and 2,610 ng/kg
TCDD egg, respectively).  When compared to the LC50s reported for lake trout
eggs (Walker et al., 1996), the LC50 for Northern pike is at least two orders of
magnitude higher (74:2,460 ng/kg TCDD egg).

TCDD/TCDF Toxicity to Birds.  Support for the use of the TCDD-Eq avian threshold
values for this ERA comes from two studies that focused on feral raptor
populations exposed to dioxins near bleach kraft pulp and paper mills.  Woodford
et al. (1998) reported on the effects of exposure to polychlorinated hydrocarbons
in osprey (Pandion halieaus) breeding in north central Wisconsin.  They reported
that the ospreys breeding and foraging within the contaminated area ate
principally fish, with no apparent effect in hatching or fledging of chicks, relative
to reference areas.  Measured egg concentrations of TCDD-Eq were as high as
high as 171 ng/kg ww egg, with most of that contribution coming from TCDD.
Based upon not observing any reproductive effects, the authors suggested a NOEL
equal to or greater than 136 ng/kg TCDD-Eq egg.

Similarly, Elliott et al. (1996) studied hatchout success for bald eagle nesting pairs
on Vancouver Island, British Columbia that were within a 25 km radius of a kraft
pulp and paper mills.  In that study, the data suggested a NOEL of 100 ng/kg
TCDD-Eq egg, and a LOEL of 210 ng/kg TCDD-Eq egg.3

When compared to the avian threshold values for this BLRA, the osprey and eagle
NOEL (136 and 100 ng/kg egg, respectively) and LOEL (210 ng/kg ww, eagle)
TCDD-Eq concentrations fall near or below the LD20 predicted for birds.  Given
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the relatively small sample size in both studies (osprey n = 4–5/year over 4 years;
eagles n = 25), it is likely that a 20 percent mortality would not be considered
statistically significant.  It is interesting to note, however, that in the bald eagle
study, the difference in hatching success between nests near pulp mills and the
reference areas was 19 percent.

TCDD/TCDF Toxicity to Mammals.  Dioxin toxicity to mammals for the Lower Fox
River/Green Bay risk assessment focuses principally on mink.  While there are
numerous direct exposure studies that have been conducted on rats, pigs, rabbits,
horses, and Rhesus monkeys (Boening, 1998), these will not be reviewed here.
There are very few studies in mink or other wild mammal species that examine
dioxin toxicity in singular exposures under controlled laboratory conditions, and
there are no studies identifying reproductive effects under controlled conditions.
Much of the work done to date examining dioxin toxicity to mink has been done
in conjunction with examining dioxins along with the coplanar PCBs.  It should
be noted that the oral dose reference values that will be used in this ERA were
derived by feeding mink Saginaw Bay carp, which had over 50 percent of the
TCDD-Eqs derived from dioxins present in the fish.

One study by Hochstein et al. (1988) exposed adult female mink to diets with
graded concentrations of 2,3,7,8-TCDD for 125 days.  The observed responses
were similar to those observed in the PCB studies, and included dose-dependent
decreases in feed consumption and body weights indicative of the “wasting
syndrome” previously reported for mink.  Lethal concentrations (LC50) were
established at 0.264 and 0.047 Fg TCDD/kg body weight/day for the 28- and
125-day exposure periods, respectively.

6.3.3 Dichlorodiphenyltrichloroethane (DDT)
Dichlorodiphenyltrichloroethane (DDT) and its principal metabolites, DDD and
DDE, are organochlorine compounds that were used for agricultural purposes in
the Fox River valley.  Concerns arose over DDT’s use, mostly due to its acute
effects in nontarget organisms and chronic effects, such as reproductive
impairment in birds.  One well documented response is eggshell thinning in birds,
in which the activity of Ca  ATP-ase systems in the shell gland are affected,2+

thereby interfering with the deposition of calcium in the shell (Lundholm, 1987).
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Eggshell thinning of greater than 20 percent has been associated with decreased
nesting success due to eggshell breakage (Anderson and Hickey, 1969; Dilworth
et al., 1972).  Because of the tendency of DDT to magnify in food chains, higher
trophic level birds appear to be at greater risk for egg loss due to shell thinning.

Another well defined effect of DDT exposure is inhibition of acetylcholinesterase
(AchE) activity.  Inhibition of this enzyme results in the accumulation of
acetylcholine in the nerve synapses, resulting in disrupted nerve function.
Chronic inhibition of 50 percent of brain AchE has been associated with mortality
in birds (Ludke et al., 1975).

The effects of DDT on other receptor groups are not as clearly defined.  Recent
studies indicate that DDT may be an estrogenic mimic, resulting in adverse
reproductive effects.  Observed effects include feminization and increased
female:male population ratios for some receptors.  Other responses include
histopathological changes, alterations in thyroid function and changes in the
activity of various enzyme groups (Peakall, 1993).  In addition to toxic effects,
DDT and its metabolites can bioaccumulate in aquatic and avian species.

DDT Toxicity to Aquatic and Benthic Invertebrates
DDT is acutely toxic to most algae at concentrations higher than 5 ppm.  Mature
molluscs and annelids appear to be relatively tolerant to DDT (Connell and
Miller, 1984).  A reported 48-hour LC50 for daphnids is 4.7 µg/L (Johnson and
Finley, 1980).  The federal freshwater chronic National Ambient Water Quality
Criteria (NAWQC) limit of 1 ng/L will be used to evaluate the effects of DDT
and its derivatives to water column invertebrates because this criteria has been
nationally established and is at a concentration lower than concentrations with
observed effects to aquatic invertebrates.

Reported 96-hour LC50s for invertebrates including stoneflies and midges, ranged
from 0.18 µg/L to 7.0 µg/L.  Sediment criteria levels have been established for the
protection of benthic invertebrates, including Threshold Effect Levels (TELs)
established by Environment Canada (Smith et al., 1996).  Sediment TELs include:
total DDT (7.0 µg/kg dwt), 4,4'-DDE (1.42 µg/kg dwt), and 4,4'-DDD (3.54 µg/kg
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dwt).  These TELs will be used to evaluate the effects of DDT and its derivatives
to benthic invertebrates.

DDT Toxicity to Fish
DDT is also toxic to several fish species, with the greatest mortalities in the
younger age groups.  DDT-contaminated feed has caused massive mortalities of
sac-fry of brook, rainbow and cutthroat trout in hatcheries (Connell and Miller,
1984).  Rainbow trout and coho salmon have been similarly affected in DDT-
contaminated lakes (Connell and Miller, 1984).  The organochlorines accumulate
in eggs and can lead to the death of fry as the yolk sac is absorbed (Connell and
Miller, 1984).  Reported 96-hour LC50s for fish include: walleye (2.9 µg/L), coho
salmon (4.0 µg/L), rainbow trout (8.7 µg/L), and northern pike ( 2.7 µg/L)
(Johnson and Finley, 1980).

Within the ERED database, lake trout were found to be an order of magnitude
more sensitive to DDE than the fathead minnow or the mosquito fish.  The LOEL
for mortality caused by DDE in lake trout was 1.09 mg/kg in whole body tissues.
Assuming an uncertainty factor of 10, a NOEL of 0.11 mg/kg is assumed to be
protective of most fish species.  This NOEL will be used as a TRV for residues of
DDE in receptor fish species.  The toxicity equivalents (discussed below) will be
used to adjust this TRV for DDT and DDD.

DDT Toxicity to Birds
DDT causes both eggshell thinning in many bird species, and reproductive failure
in carnivorous birds (Connell and Miller, 1984).  Organochlorine pesticide use
caused serious population declines for bald eagles (Haliacetus leucophalus), the
osprey (Pondion haliaetus), the peregrine falcon (Falco peregrinus), the European
sparrow hawk (Accipiter nisus), and the brown pelican (Pelicanus occidentalis)
(Connell and Miller, 1984).  For bald eagles, one study showed that 10 percent
eggshell thinning occurred from 10 µg/g DDT (wet weight) (Blus, 1996).  In
another study, researchers found DDD lethal residues in bird brain tissue varying
from 3 to 59 µg/g (Blus, 1996).

In determining the toxicity of DDT and its metabolites in bird species, a system
of DDT equivalents has been developed similar to the TEQ system for PCBs and
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dioxins.  Under the DDT toxicity equivalent system, one toxic equivalent is equal
to 1 mg/kg DDT, 5 mg/kg DDD, or 15 mg/kg DDE (Blus, 1996).  Toxicity tests
on the effects of DDT on birds have often measured these compounds in bird
brains and have found that brain residues are a good predictor of lethality (Blus,
1996).  The lethal threshold of DDT equivalents in brains has been established
as 20 mg/kg and this level will be used as a TRV (Blus, 1996).

Due to DDTs capacity to biomagnify in the food chain, bald eagles represent the
most sensitive species for evaluation and, as discussed, embryos represent the
most sensitive life stage.  Therefore, TRVs based upon bald eagle data were
assumed to be protective of all other bird receptors.  Giesy et al. (1995) used an
NOAEC of 3.5 mg/kg p,p’-DDE egg as a threshold for bald eagles based on the
data of Wiemeyer et al. (1984).  This NOAEC was selected as a TRV for p,p’-
DDE in bird eggs.  The toxicity equivalents will be used to adjust this TRV for
DDT and DDD.

DDT Toxicity to Mammals
Liver damage was observed in rats at a dietary concentration of 500 mg/kg (for
2.9 years), but not at 25 mg/kg (2 years) (Rossi et al., 1977; Treon and Cleveland,
1955).  No mortality was reported in the 500 mg/kg treatment.  In contrast to
these numbers, an acute oral LD50 of 118 mg/kg was reported for the rats (Omer
1970), and a single oral dose of 250 mg/kg was reported to be lethal (Galley,
1952).  DDD was found to be less acutely toxic, with an acute oral LD50 of
greater than 4,000 mg/kg for the rats (Gaines, 1969).  When DDE was
administered in the diet at 200 mg/kg for 6 weeks, the rats exhibited differential
degrees of humoral and cellular immune suppression (Banerjee et al., 1996).

In another study, virgin female Sprague-Dawley rats were given daily doses of 10
mg/kg BW of DDE for 5 days/week for 5 weeks prior to mating.  This dose was
continued throughout gestation and lactation periods and was not toxic to the
dams nor did it have a pronounced effect on neonatal mortality.  Further, no
significant differences in lactation parameters were observed between DDE-treated
groups and the control group (Kornbrust et al., 1986).  In another study, however,
male and female Osborne-Mendell rats fed DDE at concentrations of 41.95 and
21.85 mg/kg BW/day (males) and 23.1 and 12.1 mg/kg BW/day (females) for 78
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weeks exhibited increased mortality in both sexes.  In addition, the DDE was
hepatotoxic and induced centrolobular necrosis and fatty metamorphosis
(NCI/DHEW, 1978).

In one study, no effect on the liver was observed in dogs receiving 400 mg/kg of
DDT in their diet for 39 to 49 months, however, minor liver damage was seen at
a dietary concentration of 2,000 mg/kg (Lehman, 1965). In another study, an
acute oral LC50 of 60 mg/kg DDT was reported for the domestic dog (ESE, Inc.,
1989).  In a study using DDE, a single feeding of 50 mg/kg BW of o,p’-DDE
resulted in a complete inhibition of ATP-ase in the homogenate and microsomal
fraction of the adrenal cortex.  Two feedings at this dose caused activation of the
enzymes in the homogenate and mitochondrial fraction (Komissarenko et al.,
1997).  In a study evaluating the effects of DDD, dogs receiving 50 to 200 mg/kg
BW/day of DDD for 1 to 30 months exhibited weakness, anorexia and mortality
(Nelson and Woodard, 1949).

A LOEL of 12.1 mg/kg BW/day and corresponding NOEL of 1.21 mg/kg BW/Day
(using an accepted conversion factor of 10) will be used to evaluate the effects of
DDE to piscivorous mammals.  Again, where appropriate, the toxicity equivalents
will be used to adjust this TRV for DDT and DDD.

6.3.4 Dieldrin
Dieldrin, a chlorinated insecticide, was widely used from the 1950s to the 1970s,
primarily for soil and seed treatment, to control mosquitos and tsetse flies, as a
sheep dip, for wood treatment, and for woolen products mothproofing.  Most uses
of dieldrin were banned in 1975, and it is no longer produced in, or imported to,
the United States (ASTDR, 1998b).  Dieldrin’s toxic effects include
carcinogenicity, mutagenicity, neurotoxicity, teratogenicity, and reproductive
impairment (EPA, 1992b).

Dieldrin Toxicity to Water Column and Benthic Invertebrates
The federal freshwater chronic National Ambient Water Quality Criteria
(NAWQC) for dieldrin is 0.0019 µg/L, and this value will be used as a threshold
for effects for water column invertebrates.  Federal Sediment Quality Criteria has
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been established at 11,000 µg dieldrin/kg organic carbon for the protection of
benthic invertebrates and this criteria will be used as a TRV.

Dieldrin Toxicity to Fish
Acute effects are seen in fish at extremely low concentrations (i.e., 24-hour LC50
in bluegill at 0.0055 mg/L, and 0.0019 mg/L in rainbow trout) (Peakall, 1996).
Chronic effects in aquatic organisms include population growth impairment and
respiratory effects.  From the ERED database, two mortality NOEL values were
reported for whole body fish:  28 mg/kg for mosquito fish and 150.5 mg/kg for
golden ide.  Based on these data, a whole body TRV of 28 mg/kg was selected.

Dieldrin Toxicity to Birds
While reproductive impairment has been shown in birds, at least for raptors, the
major impact of dieldrin is mortality (Peakall, 1996).  It has been concluded that
the reproductive processes of both mammals and birds are a less sensitive
endpoint (Peakall, 1996).

Numerous studies have been conducted on lethal residue levels of dieldrin in both
brain and liver tissue of birds.  Some mean lethal residue levels for dieldrin in bird
brains include 5.7 ppm in peregrine falcon, 22.2 ppm for the red-winged
blackbird, and 11.9 ppm for the lesser scaup.  It has been concluded that brain
residues of 4 to 5 ppm indicate that an animal is in danger from dieldrin
poisoning (Peakall, 1996).  For mallard ducks, a 24-day LOEL, based on survival,
growth and behavior, was calculated to be 7 µg/g for the liver and 2.5 µg/g for the
brain (Peakall, 1996).  Based on these values, it was estimated that 1 µg/g
represented a NOEL for both tissues (Peakall, 1996).  This value of 1 µg/g was
used as a TRV for brain residues of dieldrin.  Forty (40) ppm dieldrin has been
used as the overall mean lethal value in liver tissue, with a range of values from
20 to 86 ppm (Peakall, 1996).

Although numerous studies have shown that reproduction is not a sensitive
endpoint for effects of dieldrin (Peakall, 1996), investigations by Wiemeyer et al.
(1984) determined that dieldrin concentrations below 1 mg/kg in bald eagle eggs
were unlikely to have an adverse effect on reproduction.  Also, it was estimated
that the lowest observed adverse effect level of dieldrin in brown pelican (Pelecanus
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occidentalis) eggs exceeds 1 mg/kg (Peakall, 1996).  Based on the research of
Wiemeyer et al. (1984), both Kubiak and Best (1991), and Giesy et al. (1995)
used a NOAEC/LOAEC of 0.1 mg/kg in eggs as a threshold for lethality.  This
value will be used as a TRV in this assessment for all bird eggs.

Dieldrin Toxicity to Mammals
In mammals, dieldrin is rapidly absorbed from the GI tract upon ingestion.  It is
then transported from the liver to various tissues in the body, including the brain,
blood, liver and adipose tissue.  Dieldrin is metabolized by the mixed function
oxidase (MFO) enzyme system.  For most species (rat, mouse, dog, monkey, and
sheep), the acute oral toxicity is between 20 and 70 mg/kg.  The toxicity appears
to be related to the central nervous system, resulting in stimulation,
hyperexcitability, hyperactivity, incoordination and exaggerated body movement,
ultimately leading to confusion, depression and death (EPA, 1980).

Dieldrin has been shown to cross the placental barrier, and for that reason has
been studied for its teratogenic properties and reproductive effects.  When mice
were fed 25 mg/kg of dieldrin in the diet for six generations, parameters such as
fertility, gestation, viability, lactation, and survival of the young were adversely
affected.  When hamsters were fed one dose equivalent to one-half the LD50 of
dieldrin, increased fetal death, decreased fetal growth, open eye, webbed feet, cleft
palate, and other effects were observed.  Two later studies were performed in
which lower dosages of dieldrin were administered and equivalent results were
obtained (EPA 1980).

In general, mammals are somewhat more sensitive to dieldrin poisoning than are
birds (Peakall, 1996).  Lethal doses observed in mammals do not vary appreciably
(Peakall, 1996).  For mammals, mean lethal residue levels were seen in the short-
tailed shrew brain tissue at 6.8 ppm (Peakall, 1996).  In a 128-week study, no
adverse effects were noted in mice exposed to 0.1 and 1 mg/kg dieldrin (0.013 and
0.13 mg/kg BW/day in their diet [Walker et al., 1972]).  In a similar study, no
effect on mortality or longevity was observed in three generations of rats exposed
to 2.5, 12.5, or 25.0 mg/kg/ dieldrin in their diet.
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Another chronic study resulted in no significant pup mortality when mice were
fed a dose of 0.3 mg/kg/ BW/day of dieldrin (Virgo and Bellward, 1975).  In
another study, rats of varying ages (28 to 750 days old) were exposed to dietary
concentrations of dieldrin ranging from 0.08 to 40 mg/kg (Harr et al., 1970a).
The exposure resulted in nonspecific neural and vascular lesions, cranial edema,
and convulsions at dietary concentrations of 2.5 mg/kg (0.11 mg/kg BW/Day) and
greater; no effects were noted at dietary concentrations of 1.25 mg/kg (0.058
mg/kg BW/day) or less.  When rats were exposed to dietary concentrations
ranging from 0.08 m/kg to 40 mg/kg of dieldrin in the diet, the concentration of
0.31 mg/kg (0.018 mg/kg BW/day) was the lowest concentration that resulted in
adverse reproductive effects, including a reduction in pup survival and conception
rate (Harr et al., 1970b).  In this study, the highest dose that did not produce any
reproductive effects was 0.16 mg/kg (0.009 mg/kg BW/day).

Based upon the above studies, a LOEL of 0.018 mg/kg BW/day and a NOEL of
0.009 mg/kg BW/day will be used to evaluate the dietary toxicity of dieldrin to
piscivorous mammals.

6.3.5 Arsenic
Eisler (1988a) reports the following points agreed upon by most investigators:  1)
arsenic may be absorbed by ingestion, inhalation or permeation of the skin or
mucous membranes; 2) cells accumulate arsenic by using an active transport
system normally used in phosphate transport; 3) arsenicals are readily absorbed
after ingestion, most being rapidly excreted in the urine during the first few days;
4) the toxicity of arsenicals conforms to the following order from greatest to least
toxicity:  arsines > inorganic arsenites > organic trivalent compounds
(arsenoxides) > inorganic arsenates > organic pentavalent compounds >
arsonium compounds > elemental arsenic; 5) solubility in water and body fluids
appear to be directly related to toxicity; and 6) the mechanisms of arsenical
toxicity differ considerably among arsenic species, although signs of poisoning
appear similar for all arsenicals.

The primary mechanisms of inorganic trivalent arsenic toxicity is through reaction
with sulfhydryl groups of proteins and subsequent enzyme inhibition; inorganic
pentavalent arsenic does not react as readily with sulfhydryl groups.  Inorganic
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trivalent arsenic interrupts oxidative metabolic pathways and sometimes causes
morphological changes in liver mitochondria.  Methylation greatly reduces the
toxicity of inorganic arsenic (both trivalent and pentavalent) and is usually the
major detoxification mechanism (Eisler, 1988a).

The mechanism of organic arsenic toxicity begins with its initial metabolism to
the trivalent arsenoxide form, followed by its subsequent reaction with sulfhydryl
groups of tissue proteins and enzymes, to form an arylbis (orgayltio) arsine.  This
form inhibits oxidative degradation of carbohydrates and decreases cellular ATP
(Eisler, 1988a).

Arsenic Toxicity to Aquatic and Benthic Invertebrates and Fish
Adverse effects of arsenicals on aquatic organisms have been reported at
concentrations of 19 to 48 Fg/l in water, 120 mg/kg in diets, and 1.3 to 5 mg/kg
fresh weight in tissues.  Reduced growth and reproduction impairment are the
predominant chronic effects to aquatic organisms (Eisler, 1988a).  Decreased
growth of phytoplankton and reproductive impairment of daphnids are sensitive
endpoints for chronic arsenic toxicity (Eisler, 1988a).  From the AQUIRE
database, 48-hour LC50s for water fleas, including daphnids, ranged from 1.7 to
3.8 mg/L.  The freshwater chronic NAWQC for arsenic is 0.19 mg/L and will be
used as a threshold criteria for water column invertebrates.

The selected threshold for the protection of benthic invertebrates was the ARC
SEC value of 12.1 mg/kg dry wt.

Diminished growth and survival were reported in immature bluegills (Lepomis
macrochirus) when total arsenic residues in muscle were greater than 1.3 mg/kg
fresh weight in juveniles or greater than 5 mg/kg in adults (Eisler, 1988a).  Body
burdens in the ERED database include a NOEL for bluegill mortality (0.52
mg/kg) and a LOEL for rainbow trout mortality (4.7 mg/kg).  The TRV selected
for fish was a NOEL of 0.5 mg/kg arsenic.

Arsenic Toxicity to Birds
No effects on reproduction were observed in mallard ducks exposed to three dose
levels of sodium arsenite up to 10 mg/kg BW/day for a period of 112 days
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(Stanley et al., 1994).  A single oral dose of an organoarsenical compound was
used to develop an LD50 of 47.6 mg/kg BW/day for California quail (Hudson et
al., 1984) and 33 mg/kg BW/day for chicken (NAS, 1979).

No bird tissue residue values are available for arsenic, and therefore, no TRV will
be established for this COPC.

Arsenic Toxicity to Mammals
The National Resources Council of Canada (NRCC, 1978) states that mammals
in general have oral LD50 values ranging from 10 to 50 mg/kg of lead arsenate.
A study conducted on mice indicated an oral LD50 of 39.4 mg/kg BW/day after
96 hours (NAS, 1979).  Adverse reproductive effects were noted in a study where
mice were administered a chronic oral dose as low as 1.26 mg/kg BW/day
(Schroeder and Mitchner, 1971).  Toxicity was noted in a study using cats
administered an oral dose of 1.5 mg/kg BW/day (Eisler, 1988a).  The TRV
selected for mink was a LOEL of 1.26 mg/kg BW/day and an estimated NOEL of
0.126 mg/kg BW/day.

6.3.6 Lead
The toxic effects of lead on aquatic and terrestrial organisms are extremely varied
and include mortality, reduced growth and reproductive output, blood chemistry
alterations, lesions, and behavioral changes.  However, many effects exhibit
general trends in their toxic mechanism.  Generally, lead inhibits the formation
of heme, adversely affects blood chemistry, and accumulates at hematopoietic
organs (Eisler, 1988b).  At high concentrations, near levels causing mortality,
marked changes to the central nervous system occur prior to death (Eisler,
1988b).

Lead Toxicity to Aquatic and Benthic Invertebrates and Fish
The federal freshwater chronic NAWQC for lead is 2.5 µg/L and this value will be
used as a threshold for effects to water column invertebrates.  The selected
threshold for the protection of benthic invertebrates was the SEC value of 34.2
mg/kg dry wt.
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The effects of lead on freshwater fish vary depending on the species of fish.  From
the ERED database, the highest NOEL for brook trout eggs using the endpoints
of growth, development, morphology, and mortality was 4.01 mg/kg (EPA and
U.S. COE, 1998).  However, this concentration was the LOEL for growth,
development, and morphology of brook trout eggs.

The NOEL for growth, development, and morphology of brook trout eggs was
2.54 mg/kg.  For fathead minnows, the NOEL for lead was 26.2 mg/kg with
physiology and behavior as the endpoints, indicating that brook trout are a more
sensitive species.  Based on this information, the selected NOEL TRV was 2.54
mg/kg and the selected LOEL TRV was 4.01 mg/kg.

Lead Toxicity to Birds
A lethal dosage of lead acetate was administered in the diet to the red-winged
blackbirds.  It was found that the blood protoporphyrin decreased, ALAD
increased, and renal intranuclear inclusion bodies were present prior to death
(Beyer et al., 1988).

A gastric motility of adult male and female red-tailed hawks fed 0.82 and 1.64
mg/PB/kg BW/day in a single oral dose was evaluated through the use of surgically
implanted transducers for a period of 3 weeks following the dose.  Neither
concentration had any effect on gastric contractions or egestion of undigested
material pellets (Lawler et al., 1991).

A chronic study using Japanese quail resulted in no anemia and no depressed
growth from exposure to 26 mg/kg/day of lead in the diet (Morgan et al., 1975).
A study conducted on red-tailed hawks found that 3 mg/kg/day of lead caused the
clinical symptoms of lead poisonings (Reiser and Temple, 1981).  A similar study
found that 3 mg/kg/day fed to starlings caused a reduction in muscle condition
and altered their feeding activity (Osborn et al., 1983).  Adult male and female
red-tailed hawks given an oral dose of 0.82 mg/kg BW/day each day for 3 weeks
resulted in an 83 percent decrease in delta-amniolevulinic acid dehydratase
activity and a 74 percent increase in levels of free porphyrins circulating in the
blood (Redig et al., 1991).  Edens et al. (1976) exposed Japanese quail to four oral
dose levels of lead acetate for a period of 12 weeks.  The study identified a NOEL
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of 0.133 mg/kg BW/day for egg production and a LOEL of 1.33 mg/kg BW day
for hatching success.  Because no bird tissue residue data exist for this BLRA, a
TRV will not be developed for this COPC.

Lead Toxicity to Mammals
Mason and MacDonald (1986) evaluated the effect of lead and cadmium on otter
(Lutra lutra).  Daily lead intake was estimated on the basis of measured fecal lead
levels, the known ingestion rate for otter, and gastrointestinal lead absorption
rates for mammals.  Estimated lead intake correlated well with levels measured in
major fish prey species.  No apparent impact on population levels was found when
lead intake was less than 0.15 mg/kg BW/day, whereas otter populations were
reduced in areas where the estimated lead intake exceeded 2 mg/kg BW/day.

Adult pregnant mice (C57B1 strain) were fed a diet containing lead
concentrations of 0.125, 0.25, 0.5, and 1 percent for 48 hours after mating
(Jacquet et al., 1976).  Dietary lead concentrations of 0.125 percent (16 mg/kg
BW/day), 0.25 percent (32 mg/kg BW/day) and 0.5 percent (64 mg/kg BW/day)
resulted in an increase in the number of embryos in the 4-cell stage versus the 8-
cell stage.  A delayed effect on increased nondivided embryos resulted from a
dietary lead concentration of 1 percent (128 mg/kg BW/day).  Luster et al.
(1978) found that a chronic dose of 4.6 mg/kg/day resulted in no depressed
immunity in rats.  Azar et al. (1973) administered lead to rats in five dietary levels
for three generations and measured changes in reproduction and growth.  A
dosage of 80 mg/kg BW/day reduced offspring weights and produced kidney
damage in the young, while a dosage of 8 mg/kg BW/day did not result in adverse
effects.  Based on this data, selected NOEL and LOEL TRVs for mink toxicity
from lead, were 8 mg/kg BW/day and 80 mg/kg BW/day, respectively.

6.3.7 Mercury

Ecotoxicity of Mercury
Mercury is a toxicant which potentially exerts acute, chronic, and subchronic
effects on all organisms within the Fox River system.  Mercury is highly toxic to
developmental processes, and is known to block or impair reproduction in fish,
amphibians, birds and mammals (Birge et al., 1981).  Methyl mercury (MeHg) is
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among the strongest known inhibitors of mitotic cell division, and may also
produce chromosomal aberrations, polyploidy, somatic mutations and
teratogenesis (Birge et al., 1981).

The element mercury and mercury-containing compounds have no known normal
metabolic function in living organisms.  Elevated levels of mercury in living
organisms represent contamination from natural and anthropogenic sources.  The
principal forms of mercury that are important to assessing risk are inorganic
mercurous compounds (e.g., HgOH) and organic forms, principally MeHg.  Both
forms bioaccumulate, but MeHg is the principal form of mercury that
biomagnifies into upper trophic levels.  Up to 90 percent of mercury found in
biological tissues is MeHg.  A more complete discussion of the mode of
bioaccumulation and biomagnification is presented below.

All mercury compounds interfere with thiol metabolism in organisms, causing
inhibition or inactivation of proteins containing thiol ligands and, ultimately,
leading to mitotic disturbances (Das et al., 1982; Elhassani, 1983).  Mercury also
binds strongly with sulfhydryl groups.  Phenyl- and methylmercury compounds
are among the strongest known inhibitors of cell division (Birge et al., 1979).

Eisler (1987) reports that juvenile life stages are the most susceptible to acute
effects of mercury exposure.  In fish, acute exposure results in impaired
respiration, sluggishness, and loss of equilibrium (Armstrong, 1979).  Mercury
also adversely affects reproduction, growth, behavior, osmoregulation and oxygen
exchange in aquatic organisms.

Organomercury compounds, especially methylmercury, are more toxic than
inorganic forms.  At comparatively low concentrations in birds and mammals,
mercury adversely affects growth and development, behavior, motor coordination,
vision, hearing, histology, and metabolism.  In mammals, methylmercury
irreversibly destroys the neurons of the central nervous system.  In mammals, the
fetus is the most sensitive life stage to mercury (Eisler, 1987).

Like PCBs, mercury has been a persistent problem in Great Lakes wildlife, and
often co-occurs in wildlife tissue with PCBs.  This has included invertebrates
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(Ciborowski and Corkum, 1988), fish (McMurty et al., 1989; Wiener et al., 1990;
Grieb et al., 1990; Giesy et al., 1995), birds (Frank et al., 1975; Bowerman, 1993;
Giesy et al., 1995; Wiemeyer et al., 1984; Bishop et al., 1995) and mammals
(Aulerich et al., 1974; Wobeser et al., 1976a, b).

It is beyond the scope of this risk assessment to discuss in detail the physical and
biological processes in sediment and water that are involved in MeHg formation
in freshwater environments.  Excellent reviews on the topic may be found in
reports by Winfrey and Rudd (1990), Wiener et al. (1990), Meili (1991), Meili
et al. (1991), and Matilainen et al. (1991).  The sections below will discuss uptake,
biomagnification, and toxicity of mercury to fish, birds, and mammals, with
special attention to the targeted receptor organisms for the Fox River.  Sediment
quality objectives are developed that follow guidelines established by the Great
Lakes Water Quality Initiative (GLWQI).

Mode of Bioaccumulation and Biomagnification
The uptake and trophic transfer of inorganic and organic mercury is dependent
upon the chemical speciation of the mercurous compounds.  Predicting speciation
in aquatic environments is difficult.  Speciation is regulated by a variety of
environmental variables including pH, alkalinity, redox, humic content of water,
and presence of complexing agents (e.g., sulfides) (Björnberg et al., 1988).  The
most toxic form of mercury, MeHg, can form under natural conditions through
both abiotic and biotic-mediated reactions, although abiotic processes are more
rare.  Bacterial synthesis of MeHg from inorganic Hg compounds present in the
water or sediments is the major source of this molecule in aquatic environments
(Matilainen et al., 1991).  MeHg formation in ecosystems depends on mercury
loadings, microbial activity, nutrient content, pH and redox, suspended sediment
load, sedimentation rates and other variables.  MeHg is the most hazardous
mercury species due to its high stability, its lipid solubility, and its ability to
penetrate membranes in living organisms.

Several authors have noted negative relationships between organic carbon and
mercury bioaccumulation in fish (Greib et al., 1990), which would suggest that
MeHg uptake and transfer follows equilibrium partitioning theory.  However,
MeHg is highly water soluble and has a K  that varies dependent upon the pHow
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and ionic strength of water (Major et al., 1991), but is approximately 1.7 under
conditions observed in Fox River sediments.  Based upon its low K , MeHgow

would be predicted to principally enter food chains through water exposure and
have minimum trophic transfer through food webs, yet the opposite occurs,
demonstrating that food web transfer is the most important pathway for birds and
mammals (Meili, 1991).  One proposed mechanism for food chain
biomagnification is in the strong affinity that MeHg has for the sulfhydryl groups
in organic molecules (e.g., proteins) (Meili, 1991).  In one study, the formation
of MeHg-sulphur ligands with anthropogenic compounds was shown to increase
the uptake and formation of lipidophilic complexes in brown trout (Gottofrey and
Tjalve, 1991).

MeHg biomagnifies and the top-level predators generally contain the highest
concentrations.  In organisms near the top of the aquatic food chain, such as
piscivorous fish, almost all Hg accumulates in the methylated form, with MeHg
representing over 90 percent of the mercury in fish (Huckabee et al., 1979).
MeHg is virtually the exclusive form of mercury found in birds and mammals, and
exposure is principally a result of the consumption of prey containing MeHg.
Therefore, dietary accumulation of mercury is considered to be the most
important pathway of exposure for these organisms.

Mercury Toxicity to Aquatic and Benthic Invertebrates.  Primarily, mercury toxicity
has been investigated because of the tendency of methylated forms to
bioaccumulate in higher trophic levels.  For freshwater crustaceans, reported
LC50s range from 1.3 to 10 µg/L of mercury (Eisler, 1987).  From the AQUIRE
database, 96-hour LC50s for freshwater invertebrates were as follows: caddisflies
(1,200 µg/L), freshwater prawn (4.8 µg/L), amphipod (10 µg/L), and chironomids
(220 to 880 µg/L).

TRVs selected for freshwater invertebrates were the freshwater NAWQC (0.012
µg/L) for water column invertebrates and the Environment Canada TEL of 0.17
mg/kg dry wt for sediment invertebrates.

Mercury Toxicity to Fish.  Mercury uptake and toxicity have been extensively studied
in fish species common to the Fox River.  There are numerous references to
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elevated mercury levels in suckers, large mouth bass, yellow perch, pike and
walleye (Laarman et al., 1976; McMurtry et al., 1989; Cope et al., 1990, Grieb et
al., 1990; Wren et al., 1991).  The method of uptake and bioaccumulation is
dependent upon the predominant form (inorganic vs. organic mercury) and the
relative concentrations in water or sediment.  In lakes with elevated aqueous
concentrations of mercury, uptake across the gill membrane is predominant,
whereas in systems with low mercury in the water column the food chain route
predominates (Boudou et al., 1991).  The uptake of mercury by benthic infauna,
which serve as prey species for higher organisms such as fish, has been previously
documented (Ciborowski and Corkum, 1988; Odin et al., 1995).

Mercury can cause a range of lethal and sublethal responses in fish.  Studies
demonstrate that acute toxicity can occur at less than 0.1 µg/L in a water-only
exposure with brook trout, even though EPA’s acute water quality criterion is 2.4
µg/L (Eisler, 1987).  Mercury residues in lethally exposed fish ranged from 26 to
69 mg/kg wet weight in the liver, and 5 to 7 mg/kg wet weight in whole-body
tissue (Armstrong, 1979).  There were no studies identified in the literature that
examined the acute effects of mercury uptake through the diet.  Residues of
mercury in fish from the ERED database indicated that a NOEL for brook trout
embryos with development as an endpoint was 2.7 mg/kg wwt and a LOED for
brook trout egg reproduction of 3.4 mg/kg wwt.  However, the LOEL for
development of immature walleye was a body burden ranging from 0.25 to 2.36
mg/kg wwt.  Based on these data, a TRV of 0.25 mg/kg wwt was selected for all
fish species.

Sublethally, mercury adversely affects reproduction, growth, behavior, and
metabolism.  As a teratogen, mercury affects developmental processes, causing a
variety of abnormalities that include skeletal deformities, abnormal organ
development, optic malformation, and often a simple retardation of development
(Weis and Weis, 1991).  Maternal-transferred mercury has also been observed to
cause developmental abnormalities (Birge et al., 1979; McKim et al., 1976).
Exposure of adult brook trout (Salvelinus fontinalis) to 0.2 µg/L Hg resulted in 50
percent mortality in the exposed organisms, as well as a statistically significant
decline in sperm and egg viability in surviving organisms (Birge et al., 1979).
Water-exposure concentrations as low as 13 µg/L over 5 days resulted in egg tissue
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values of 293 mg/kg wet weight that were associated with an adverse impact on
hatchout in rainbow trout (Klaverkamp et al., 1983).  Additional sublethal effects
include alterations of respiration, locomotion, social organization, reproduction,
feeding, and predator avoidance (Henry and Atchinson, 1991).

Mercury Toxicity to Birds.  MeHg has been detected in a large number of avian species
in the Great Lakes, including piscivorous species such as common loon (Meyer et
al., 1995), herring gulls (Frank et al., 1975), and eagles (Bowerman, 1993; Giesy
et al., 1995; Wiemeyer et al., 1984), as well as insectivorous birds such as tree
swallows and red-winged blackbirds (Bishop et al., 1995).  In birds, the principal
route of MeHg exposure is through trophic transfer.

There are few studies associating mercury levels with egg mortality or
teratogenicity in birds.  A NOEL of 0.5 mg/kg was established in a study of MeHg
applied exogenously to the eggs of mallard (Anas platyrhynchos) (Hoffman and
Moore, 1979).  Total mercury levels ranging from 0.22 to 1.0 mg/kg in eggs of
common tern, northern gannet (Sula bassanus), osprey (Pandion haliaetus), Forster’s
tern, black skimmer (Rhynchops niger), Caspian tern, least tern, and herring gull
have shown no effects on these species (Bishop et al., 1995, and references cited
therein).  Fimreite (1979) discusses residues in eggs of between 1.3 and 2 mg/kg
that were associated with reduced hatching success in white-tailed sea eagles
(Haliaeetus albicilla), common loon, and in several seed-eating species.  Giesy et al.
(1995) cited the mallard value in developing an NOAEC for eagle eggs at 0.5
mg/kg, and the dietary NOAEC at 0.5 mg/kg—essentially assigning a BMF of 1.
However, they noted the difficulty in assigning an NOAEC to eagles is that
elevated mercury levels in wild populations frequently occurred with elevated PCB
concentrations—therefore distinguishing effects is difficult due to the presence of
both compounds.

In developing the avian GLI water quality value for mercury (EPA, 1994), EPA
used an LOEL of 0.5 mg/kg citing the mallard study of Hoffman and Moore
(1979).  Using the LOEL, the dietary intake for mallard, applying an uncertainty
factor of the LOEL to NOEL of 2, and a species uncertainty factor of 0.1, they
derived a dietary NOEL of 3.2 µg/kg body weight per day.  Using methodology



Baseline Human Health and Ecological Risk Assessment

6-74 Ecological Risk Assessment

described in the GLWQI technical support document (EPA, 1994), a final avian
wildlife water quality value of 180 pg/L was proposed.

Finally, Giesy et al. (1995), based on the bald eagle research of Wiemeyer et al.
(1984), used a NOEL value of 0.5 mg/kg egg for egg lethality.  This value was
selected as a TRV to be used for all bird species.

Mercury Toxicity to Mammals.  Toxicity of mercury to mink became a concern to mink
ranchers at the same time as did the toxicity of PCBs, which were found in
elevated levels in the fish diet in the 1970s.  As with invertebrates, fish and birds,
MeHg was found to have greater toxicity to mammals than elemental mercury.
Aulerich et al. (1974) conducted exposures of adult mink to MeHg in the diet and
found 5 µg/kg to be lethal in 1 month, while exposure to 10 µg/kg of mercuric
chloride did not produce adverse effects over 5 months.  Wobeser et al. (1976a)
examined the effects of organic and inorganic mercury on mink, feeding adult
female and juvenile ranch mink rations consisting of 50 and 75 percent fish that
contain 0.44 µg/kg mercury over a 145-day period.  No clinical or pathological
signs of mercury poisoning were observed at these exposure concentrations,
suggesting a NOEL of 0.33 ppm.  In related work, Wobeser et al. (1976b)
conducted a chronic dose-response study with female mink, and established an
ingestion rate LOAELs as 0.27 mg/kg BW/day, and an NOEL of 0.16 mg/kg
BW/day as MeHg.

In the diet study conducted by Wren et al. (1987a), a dietary dose of 1 mg/kg
MeHg resulted in traumatic poisoning of female mink, and concentrations
reached as high as 44.1 mg/kg wet weight in liver tissue, as compared to 0.02
mg/kg wet weight in the controls.  While Wobeser’s studies (1976a, b) had
suggested that 1 ppm in the diet was not acutely toxic, the Wren study concluded
that the dietary MeHg consumption, coupled with cold stress during the exposure
period, resulted in a synergistic interaction leading to mortality.  Despite the
apparent acute toxicity observed, there was no apparent effect on reproduction
and kit survival, relative to the control group, at 1 mg/kg in the diet (Wren et al.,
1987b).
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In deriving the GLWQI water quality value for mammalian wildlife, EPA used the
dietary NOEL developed by Wobeser et al. of 1.1 mg/kg, and derived an oral dose
value of 0.16 mg/kg BW/day NOEL.  The final value was adjusted using a
subchronic to chronic conversion factor of 0.1, and derived a final NOEL of 0.016
mg/kg BW/day.  This dietary intake level will be used as a threshold for this
assessment.

6.4 Characterization of Exposure
This section characterizes the levels of COPCs found in the various environmental
media throughout the Lower Fox River and Green Bay.  The Fox River Database
(FRDB) discussed in Section 4, contains over 311,000 separate records for levels
of contaminants for all the receptors and measurement endpoints identified in
Table 6-2.  This includes measurements in water, sediments, fish at several trophic
levels, and piscivorous, insectivorous, and omnivorous birds.

Exposure point concentrations were developed from the FRDB.  A series of
queries were conducted to provide data by media and by the River/Bay reaches
identified in Section 2.  For the mink, where exposure will be modeled, exposure
in all study area reaches will be evaluated.  For each COPC, media, and reach, the
FRDB provided the following:

C Total number of measurements
C Frequency of detection
C Maximum detected COPC
C Minimum detected COPC
C Arithmetic mean
C Reasonable maximum exposure (RME)

For U-qualified data, one-half of the sample quantitation limit was used to
estimate the arithmetic mean.  The 95% UCL was calculated on the arithmetic
mean of the sample values; a normal distribution was assumed.  The RME is
defined as the lesser of the calculated 95% UCL, or the maximum detected value
within a River/Bay reach.  The 95% UCL of the mean is the value that a mean,
calculated repeatedly from subsamples of the data population, will not exceed 95
percent of the time.  Therefore, there is a 95 percent probability that the true
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mean of the population does not exceed the 95% UCL.  Using the 95% UCL as
the exposure point concentration accounts for uncertainties in knowledge of the
true concentration of contaminants on site.

In cases where data was limited, or where the variability in the data was high, the
95% UCL would exceed the maximum detected concentration.  In this case, the
lesser of the two values was used as the exposure point concentration.
Alternatively, if the data were too few (n < 5) and did not meet the test for
normal distribution, the maximum detected value was used.  The RME was used
to estimate the highest exposure that is reasonably expected to occur at a site.
RME values will be used to calculate potential risk to receptors.  The intent of the
RME is to provide a conservative estimate of exposure that is above average, yet
still within the range of possible exposures.  By design, the estimated RME
exposures are higher than will be experienced by most receptors in an exposed
population.  The RME thus provides a degree of protectiveness that encompasses
the individual receptors who have a higher likelihood of exposure.

Mink exposure is estimated through modeling carp consumption for all COPCs
except for PCBs.  For total PCBs and PCB congeners, risks to mink will be directly
evaluated through examining prey (i.e. carp) concentrations of PCBs.  Results of
the mink prey evaluation and exposure modeling will be provided in Section 6.5.

6.4.1 Background

Water
There are no background water data available within the FRDB.

Sediment
The background sediment data within the FRDB are for Lake Winnebago in
collections taken in 1998 by RETEC.  Those data, for the COPCs, are
summarized in Table 6-8.  For metals, arsenic, lead, and mercury were all detected
in all samples analyzed.  For the organic COPCs, both total PCBs as Aroclor 1242
were detected in all samples analyzed.  Dioxins and furans were not analyzed in
any samples.  For the pesticides, dieldrin, DDT and DDD were not detected, but
DDE was detected in 67 percent of the analyzed samples.
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Fish
There are no background data for the selected fish receptors in the Lower Fox
River/Green Bay system.

Birds
There are no background data for the selected bird receptors in the Lower Fox
River/Green Bay system.

6.4.2 Little Lake Butte des Morts Reach

Water
The only data available for COPCs in water is for total PCBs, both filtered and
unfiltered samples.  These data are presented in Table 6-9.  As discussed
previously in Section 3, most of the PCBs in the water column is associated with
the particulate fraction; in the case of water samples from Little Lake Butte des
Morts, approximately 50 percent was in the filtered fraction.

Sediment
Surface sediment concentrations of the COPCs are shown in Table 6-10.  Of the
metals, arsenic was detected in 100 percent (n = 12) of the samples, but was
equal to the background concentrations in Lake Winnebago (Table 6-8).  Both
lead (n = 12) and mercury (n = 57) were found in at least 80 percent of the
surface sediments, with concentrations that exceeded the background values.

For dioxins and furans, dioxin was detected in four of five  samples, while TCDF
was detected in all samples (5).  There are 280 surface sediment samples for total
PCBs in Little Lake Butte des Morts.  Consistent with previous studies, the
principle Aroclor measured was 1242 (98 percent detection frequency).  Total
PCBs, measured in sediments, ranged from between 25 and 130,000 Fg/kg and
averaged 10,735 µg/kg; approximately 500 times the mean background total PCB
concentration.  Mean weighted average total PCB concentrations ranged from
3,735 µg/kg (I ) to 5,457 µg/kg (I ).  Dieldrin, DDD, and DDT were found in0 d

surface sediments of Little Lake Butte des Morts, but in less than 25 percent of
the total samples.  DDE was not detected in any samples (n = 9).
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Sediment PCB coplanar congeners of concern are given in Table 6-11.

Fish
COPCs analyzed in the fish identified as important receptors are shown in Table
6-12.  Arsenic was only detected in 18 percent of the carp samples tested
(n = 11), and not at all in walleye.  Lead was not detected in either carp or
walleye.  Mercury was detected in both the detritivore carp (67 percent detection
frequency), and the piscivorous walleye (100 percent detection frequency).

Both TCDD and TCDF were detected in all carp and walleye analyzed at
concentrations between 0.3 and 0.6 µg/kg.  For total PCBs, concentrations were
highest in the bottom-dwelling carp, followed by walleye, perch, and finally the
pelagic gizzard shad.  The pattern of PCB concentrations indicates that benthic
prey-based fish are more exposed than pelagic prey-based fish.  For the pelagic
prey-based fish (gizzard shad, perch, and walleye) PCB concentrations are
consistent with expected biomagnification into higher trophic level predators.

PCB coplanar congeners of concern contained in fish receptors are listed in Table
6-13.  PCB congeners were detected in both carp and walleye.  Mean
concentrations of PCB congeners were similar between species except for PCB
congeners 81/87/115 (coeluting) where the concentration of these congeners in
the carp was almost one-third of the concentration of these congeners in the
walleye.  PCB congener 126 was detected in only 20 percent (n = 5) of carp
samples, but in 80 percent (n = 5) of measured walleye.  PCB congener 169 was
not detected in either fish.

Of the chlorinated pesticides in fish (Table 6-12), dieldrin was detected
infrequently:  17 percent frequency in carp (n = 12) and 11 percent frequency in
walleye (n = 9).  Likewise, DDT was not detected in carp or walleye.  DDD and
DDE were both detected in carp and walleye with detection frequencies of 70
percent of less.  Body burdens of DDD were approximately half that of DDE.

Birds
Detected COPCs in birds of Little Lake Butte des Morts reach are shown in Table
6-14.  The only bird receptor for which COPC tissue data was available was for
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tree swallows.  Total PCBs were detected in both whole body and eggs of tree
swallows.  Other COPCs analyzed in whole tree swallows included dieldrin, DDT,
and DDT metabolites.  Of these, only DDE was detected and it was detected at
a frequency of 100 percent (n = 18).

PCB coplanar congeners and calculated SEC concentrations are given in Table
6-15.  Congeners 77, 105, 118/106 (coeluting), 126 and 169 were analyzed in
both the whole body and eggs.  Generally, whole body congener concentrations
were less than egg concentrations.  The only congeners not detected were PCB 77
and 169 in whole bodies.  However, congener 169 was measured in 20 percent (n
= 5) of the swallow eggs.  As with PCB congeners in fish, concentrations of
congeners 105 and 118/106 were greater than detected concentrations of other
congeners.

6.4.3 Appleton to Little Rapids Reach

Water
Only unfiltered total PCB values in water are available for the Appleton to Little
Rapids reach (Table 6-9).  Total PCBs were measured in all samples (n = 47) at
a mean of 18.5 mg/L.  This is roughly double the concentrations detected in the
Little Lake Butte des Morts reach.

Sediment
Surface sediment concentrations are shown in Table 6-16.  Arsenic was detected
in 100 percent of the samples, but the mean and RME are less than the
background concentrations in Lake Winnebago (Table 6-8).  Lead was measured
in all samples, while mercury was found in greater than 90 percent of the surface
sediments; both compounds exceeded background values.

Both TCDD and TCDF were detected in surface sediments; all three samples were
taken within deposit N.  RME concentrations were 0.02 and 0.33 µg/kg,
respectively.  The principal Aroclor found in this reach is 1242.  Of the PCB
analysis in this reach, 75 percent of the records are represented by sampling
within Deposit N alone.  The measured maximum of 185 mg/kg total PCBs is one
of the highest concentrations recorded in the Lower Fox River.  The mean based
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on measured total PCB concentration was 20,939 µg/kg.  When the area-wide
concentration was interpolated, the PCB means were 488 µg/kg (I ) and 1,5700

(I ).  Interpolated values were less in this reach due to the localization of totald

PCBs in deposit N.

Of the chlorinated pesticides, dieldrin, DDD, and DDE were not detected in any
samples.  DDT was detected in two of three samples taken.

Fish
For the Appleton to Little Rapids reach, there was no analysis for any metals or
dioxin/furans in the fish identified as important receptors (Table 6-17).  Also,
DDT and its derivatives were analyzed in two samples, but none were detected.
Total PCBs were measured for carp, walleye, and yellow perch, and all three of
those species had elevated PCB levels (>2,500 µg/kg ww).  No PCB congener data
are available for fish in this reach.  In carp, total PCBs were half that measured in
carp from the Little Lake Butte des Morts reach.  Total PCB concentrations in
walleye were similar between these two reaches and total PCB concentrations in
perch were slightly greater in the Appleton to Little Rapids reach.

Birds
A single sample for egg, liver, and muscle of bald eagle are available for this reach.
COPCs analyzed included mercury, PCBs, dieldrin, DDD, DDE, and DDT (Table
6-18).  Mercury was detected in the kidney, liver, and muscle of eagle.  No other
compounds were detected in liver.  The only other compound detected in muscle
was DDE.  Detected analytes in eggs included total PCBs, dieldrin and DDD, and
DDE.  DDT was not detected in any tissues.

While only representing a single sample, total PCBs were measured in eagle eggs
at a level of 36,000 µg/kg; the highest tissue value recorded for any organism.
DDE was also highly elevated at 1,100 µg/kg ww.
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6.4.4 Little Rapids to De Pere Reach

Water
Total PCBs for filtered and unfiltered samples are presented in Table 6-9.  The
measurements taken at Little Rapids to De Pere reach are fairly consistent with
those levels reported at the previous two reaches.  As was the case for the Little
Lake Butte des Morts samples, approximately 50 percent was in the filtered
fraction.

Sediment
All COPCs, except dieldrin, were detected in surface sediments within Little
Rapids to De Pere reach (Table 6-19).  While the reported arsenic values were
equal to those observed in Lake Winnebago (Table 6-8), the lead RME
concentration was seven times greater than background (308 µg/kg), and mercury
was elevated 24 times over background (4 µg/kg).

Both TCDD and TCDF were detected in the two samples collected at 0.01 and
0.12, respectively.  Total PCBs were found in 95 percent of the samples taken (n
= 239), with Aroclor 1242 measured in 98 percent of samples taken (n = 197).
Mean measured total PCBs in surface sediments were 3,941 µg/kg, with an RME
of 4,644 µg/kg.  The weighted average concentration for total PCBs using the
interpolations was 2,890 µg/kg (I ) and 3,565 (I ).  This relatively narrow range0 d

between the upper and lower interpolated total PCB values relative to the
Appleton to Little Rapids reach may be attributable to the more contiguous
distribution of contaminated sediments behind the De Pere Dam.

Of the chlorinated pesticides, dieldrin was not detected in any of 16 samples
analyzed.  DDD, DDE, and DDT were all measured in the surface sediments with
a detection frequency of less than 50 percent.  RME concentrations of these
detected pesticides were 2,8, and 11, respectively, and are similar to levels
measured in the previous reaches.

Sediment PCB congener data for the Little Rapids to De Pere reach is provided
in Table 6-20.  Only one sample was analyzed.  PCB congener concentrations in
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this reach were less than one-third of the congener concentrations measured in the
Little Lake Butte des Morts reach.

Fish
There are no data for levels of metals in the receptor fish in the Little Rapids to
De Pere reach (Table 6-21).  TCDD and TCDF were detected in all carp and
walleye samples (n = 3).  Carp RME concentrations of the two dioxins were
0.0009 and 0.002 µg/kg, while walleye were measured at 0.001 and 0.013.  These
concentrations are similar to those found in the Lake Butte des Morts reach.
Total PCBs were detected in all samples tested for carp, walleye and yellow perch.
Carp RME concentrations (5,151 µg/kg) are similar to those measured in the
Appleton to Little Rapids reach, but are less than half of that for Little Lake Butte
des Morts.  Walleye RME concentrations (4,587 µg/kg) are higher than those
observed in either of the upstream segments.

Pesticides were analyzed in carp, walleye and yellow perch.  Dieldrin was only
detected in one walleye sample (n = 3).  DDD was only detected in four out of
six carp samples (RME = 34 µg/kg).  DDE was detected in carp and walleye
samples (RME = 185, 220 µg/kg), but not in yellow perch.  DDT was not
detected in any of the fish.

Fish PCB coplanar congener data from the Little Rapids to De Pere reach are
contained in Table 6-22.  As with the Little Lake Butte des Morts reach, all the
coplanar congeners except congener 169 were detected in both carp and walleye.
In contrast to what was observed in Little Lake Butte des Morts, the carp coplanar
congener concentrations were much less than those observed in walleye.

Birds
There are no COPC data for bird receptors in this reach.

6.4.5 De Pere to Green Bay Reach

Water
There is a marked increase in surface water concentrations of PCBs at the mouth
of the Fox River (Table 6-9).  Total PCBs (filtered) were found at a detection
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frequency of 100 percent (n = 79), as the mean value is approximately four times
that measured in the Little Rapids to De Pere reach (48.6 µg/kg vs. 11.1 µg/kg,
respectively).

Sediment
Surface sediment concentrations of COPCs are presented in Table 6-23.  All three
metals were measured in surface sediments in greater than 75 percent of the
samples tested.  For the first time in samples analyzed, arsenic was present at
levels greater than that of the Lake Winnebago background.  Both lead and
mercury were also present in concentrations exceeding background by two to five
times.

TCDD and TCDF were not analyzed in sediment samples at the De Pere to Green
Bay reach.

The range of measured total PCBs was between 71 and 99,000 Fg/kg, with both
the mean and the RME relatively close at 4,032 Fg/kg and 4,855 Fg/kg,
respectively.  The range of weighted average concentration (interpolated values)
was also relatively close; 2,674 Fg/kg (I ) and 3,211 Fg/kg (I ).  These values are0 d

likely a reflection of the relatively homogenous distribution of contaminated
sediments within this reach.

Of the chlorinated pesticides, dieldrin and DDT were not detected in any sample.
Both DDD and DDE were measured in 60 percent and 20 percent, respectively
(n = 5) of the samples tested, but the RME for DDE was less than the level
reported in Lake Winnebago.

Sediment PCB congener data for this reach is contained in Table 6-24.  As with
the PCB congener data from the other reaches, the greatest concentrations were
for PCB congener 118, followed by PCB congener 77, followed by PCB congener
105.

Fish
All of the COPCs, except arsenic, were measured in the fish receptor species in
this reach (Table 6-25).  Arsenic was not detected any of the fish receptors
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analyzed for metals:  carp, gizzard shad, walleye, and yellow perch.  Lead was only
detected in a single carp sample and mercury was detected in all fish analyzed,
except gizzard shad.  Mercury levels in carp and walleye (RME 0.21 and 0.20
µg/kg, respectively) are four to five times those observed in any of the upstream
reaches.

Both TCDD and TCDF were analyzed in carp and walleye and detected at 100
percent frequency.  While the measured levels are approximately 10 times those
observed in Little Lake Butte des Morts, they are equivalent to those measured
in the De Pere reach upstream.

Total PCBs were detected in all fish species analyzed including:  alewife, carp,
emerald shiners, gizzard shad, walleye, and yellow perch at highly elevated
concentrations in all species tested.  The highest measured concentrations again
were in carp and walleye, with varying lesser levels in the pelagic species (shiners,
shad and perch).  The RME total PCB concentrations in carp (15,247 µg/kg),
walleye (9,537 µg/kg), and perch (8,111 µg/kg) were the highest values measured
anywhere within the Lower Fox River.

Dieldrin was detected in all species analyzed, except yellow perch.  In contrast to
the pattern observed in PCBs, the highest level of dieldrin was measured in
walleye, as opposed to carp (RME = 65 µg/kg vs. 22 µg/kg, respectively).  Alewife
showed similar levels of dieldrin to those measured in carp (RME = 29 Fg/kg).
These dieldrin mean concentrations were higher than mean dieldrin
concentrations detected in fish in the previous reaches.

For the remaining chlorinated pesticides, DDD was measured in carp and walleye,
but not in alewife, shad, or yellow perch.  DDE, however, was measured in all
species, except in gizzard shad.  As with the other reaches, there were no
measurements of DDT in any fish species.  Concentrations of DDD in carp and
walleye were approximately twice that measured in the Little Lake Butte des
Morts reach, and in carp the DDD concentration was four times that measured
in carp from the Little Rapids to De Pere reach.  RME DDE concentrations in
carp (832 µg/kg) and walleye (760 µg/kg) were also greater than carp and walleye
DDE concentrations in the Little Lake Butte des Morts reach (100 µg/kg and 72
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µg/kg, respectively) and the Little Rapids to De Pere reach (185 µg/kg and 220
µg/kg, respectively).

PCB coplanar congeners contained in fish receptors are listed in Table 6-26.  PCB
congeners were detected primarily in carp and walleye, and to a lesser degree in
alewife and gizzard shad.  In this river reach, unlike the other river reaches, PCB
congener 169 was detected in both carp (33 percent) and walleye (100 percent).

Birds
Detected COPCs in birds of the De Pere to Green Bay reach are shown in Table
6-27.  The only bird receptor for which COPC tissue data was available was for
whole tree swallows.  Total PCBs were measured in all whole adult tree swallows
(n = 22).  Concentrations of total PCBs in tree swallows at the De Pere to Green
Bay reach were elevated, relative to that observed in Little Lake Butte des Morts
reach (Table 6-11) (means of 3,118 vs. 2,135 µg/kg, respectively).

Dieldrin and DDT were not detected in whole bodies of tree swallows.  This is
consistent with the lack of detection of either compound in sediments, and also
consistent with the observations at Little Lake Butte des Morts.  DDE was
detected in all samples, while DDD was only detected in 13 percent of the
samples tested.  Mean DDE concentrations were also elevated relative to that
observed in the Little Lake Butte des Morts reach (means of 218 µg/kg and 155
µg/kg, respectively).

6.4.6 Green Bay

Water
Total PCBs in filtered water samples are presented in Table 6-9 for all three Green
Bay zones.  Concentrations of total PCBs are highest at the De Pere to Green Bay
reach, and decrease through zones 2 and 3A/3B.  These changes are more clearly
seen on Figure 6-6, which includes the De Pere to Green Bay reach through Zone
3B for all four exposure point concentrations (e.g., minimum, maximum, mean,
RME).
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Sediment
Only total PCB were analyzed in surface sediments from Green Bay (Table 6-28),
and shown on Figure 6-7.  Weighted average concentrations were not calculated
for Green Bay.  Within Green Bay, the highest total PCBs were measured in Zone
3B.  This is consistent with Manchester et al.’s (1996) surface contaminant
distribution maps which showed the Fox River depositional zone to be along the
Door Peninsula.  Higher maximum and means were also calculated for Zone 3B
over Zone 2.  However, based on the RME, the area-wide average is roughly
similar in all three zones (2, 3A, and 3B).  The mean total PCB concentration in
zones 2 and 3A were close to an order of magnitude less than the total PCB
concentrations measured in the De Pere to Green Bay reach.

Fish
COPC concentrations analyzed in fish from Green Bay are contained in Table
6-29.  Arsenic was not detected in fish from any of the Green Bay zones.  Lead
was detected only in carp in zones 2, 3A, and 3B and the mean concentrations
were similar.  Mercury was detected in both pelagic and benthic fish from all three
zones.  Carp mercury concentrations remained constant at an RME of 0.21 µg/kg
in the last River segment, as well as in Green Bay zones 2, 3A and 3B.

TCDD and TCDF were only measured in a single carp sample in Green Bay zone
2.  TCDD was not detected, while TCDF measured at very low levels (2 × 10-5

µg/kg).

Total PCBs were measured in fish species in all three zones.  In general, PCBs in
fish tissue followed the general sediment pattern:  while the highest values are in
the De Pere to Green Bay reach, the tissue concentrations are fairly similar
throughout all Green Bay zones (Figure 6-8).

While there are no sediment dieldrin data, it is interesting to note that like the
De Pere to Green Bay reach, dieldrin is detected frequently in several fish species.
Like PCBs, the dieldrin levels are generally lowest in the River mouth and are
greatest in zone 3B (Figure 6-9).  DDD and DDE, were generally detected in all
zones.  DDT was only detected in alewife in zone 3A.  Mean concentrations of
DDD were consistently lower than DDE concentrations.
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PCB coplanar congeners analyzed in fish are contained in Table 6-30.  PCB
congeners were detected in carp, walleye, alewife, gizzard shad, and rainbow smelt
at generally similar concentrations to those observed in fish from the De Pere to
Green Bay reach.  Unfortunately, not all of the coplanar congeners were sampled
in the tested fish species.  Thus there are not data for congeners 126 and 169 in
any fish except walleye.  The only complete set is that collected by USFWS in
1996.  All the coplanars were measured in walleye from Green Bay.  Of interest
to note is that congener 169 was detected in all walleye samples in zones 2, 3, and
3A.

Birds
Detected COPCs in birds in Green Bay are shown in Table 6-31.  The only bird
receptors for which COPC tissue data was available was for whole tree swallows
and double-crested cormorants.  A full suite of dioxin/furan analysis was
conducted for four double-crested cormorants within Green Bay.  Only 2,3,7,8-
TCDD was detected in a single whole body and egg.  OCDD was measured in
four whole body samples.  Total PCBs, DDD, and DDE were detected in both
double-crested cormorants (whole, egg, and brain) and in whole tree swallows.
Dieldrin was detected in double-crested cormorant tissues (brain, whole body, and
egg) but was not detected in whole tree swallows.  Dieldrin had not been detected
in tree swallows any of the previous reaches either.  DDT was detected only in
double-crested cormorant eggs and whole bodies.  Concentrations of DDT and
DDD in double-crested cormorant tissues were at least an order of magnitude
lower than concentrations of DDE.

Levels of the PCB congeners and calculated SECs are given in Tables 6-32 and
6-33.  PCB congener data is available for whole tree swallows, double-crested
cormorant eggs and whole bodies, and common and Forster’s tern eggs.  For whole
tree swallows, Congeners 105, 118/106, and 126 were measured in at least 50
percent of the measured samples.  It is of interest to note that Conger 77 was
measured in only 7 percent of the samples (n = 15), while congener 169 was not
measured in any samples.  By contrast, all of the measured congeners were found
in whole bodies and eggs of double-crested cormorants, and eggs of common and
Forster’s terns.  When converting to dioxin-equivalents, congener 126 accounts
for 90 percent of the total SEC in common terns, 82 percent of the total SEC in
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Forster’s tern eggs, 92 percent of the total SEC in double-crested cormorant eggs,
94 percent of the total SEC in double-crested cormorant whole bodies, and 96
percent of the total SEC in tree swallow whole bodies.

6.5 Risk Characterization
Risk characterization will be accomplished in the sections below by first
comparing environmental exposure points presented in Section 6.4 to the effects
criteria developed in Section 6.3.  Risk will be quantified by calculating the ratio
of the exposure point to the relevant criteria; the resultant quotient is called the
hazard quotient (HQ).  Ratios exceeding 1 are considered to represent potential
environmental risk.  HQs will be calculated for both the mean and RME exposure
points, but the evaluation of risk will be based principally on the RME.  Risks will
be evaluated on a reach-by-reach basis.  The risk questions posed in Section 6.2
will be evaluated and summarized at the end of this Section.

6.5.1 Estimation of Exposure Point Risks

Little Lake Butte des Morts
Water.  Surface water column chemistry is used in this assessment as a measurement

endpoint for the protection of water column invertebrates and fish.  Only total
PCB data were available for estimating water column risks.  The selected effects
criteria are 50 ng/L and 500 ng/L as NOEL and LOEL effect levels.

Hazard quotients for total PCBs measured in Little Lake Butte des Morts are
given in Table 6-9.  For the unfiltered water, the mean and RME NOEL HQs are
0.38 and 0.47, respectively.  For the filtered water (dissolved PCBs), the NOEL
HQs are 0.18 and 0.22, respectively.  These HQs indicate that there are no risks
to aquatic invertebrates from total PCBs.

Sediment.  Sediment chemistry is used to assess potential population-level effects to the
resident aquatic invertebrates living within the mud, and as the COPC “reservoir”
for potential bioaccumulating chemicals.
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As noted previously, arsenic levels in Little Lake Butte des Morts reach (Table
6-10) are at or below background (Table 6-8) and the HQs for both sites were less
than one.  Lead and mercury both exceed background, and have RME HQs of 5
and 7, respectively.

Both TCDD and TCDF were detected, and the calculated TCDD HQs for the
mean and RME are 0.63 and 1.1, respectively.  As noted previously, benthic
invertebrates lack the Ah receptor necessary to mediate TCDD toxicity; thus
benthic insects are unlikely to be effected by dioxins.

PCB risks in sediment are determined based principally upon Aroclor 1242, the
measured total PCBs, and the range of weighted average concentrations (I , I ).O D

HQs were 321, 340, and 118 to 173, respectively.  These HQs indicate that there
is substantial risk to sediment invertebrates from PCBs.

For the chlorinated pesticides, dieldrin and DDT were detected in less than 20
percent of the measured samples with resultant RME HQs of less than 0.001 and
5.7, respectively.  DDD was detected at two stations with resultant mean HQ of
0.64.  DDE was not detected.  Based on the low frequency of detection and HQ
values, chlorinated pesticides do not appear to pose risk to benthic organisms.

Figure 6-10 shows comparative hazard quotients for Little Lake Butte des Morts.
The exposure point concentrations for the PCBs are 10 to 100 times those
observed for the other COPCs, demonstrating risk to sediment invertebrates.
Based upon the HQs and frequency of detection, lead and mercury may be
considered to pose risk to benthic infauna.

Fish.  Hazard quotients for fish in the Little Lake Butte des Morts reach are contained
in Table 6-34.  The detected compounds in fish were arsenic, mercury, TCDD,
TCDF, Aroclor 1242, total PCBs, dieldrin, DDD, and DDE.  All HQs were less
than one except for PCBs.  HQs for total PCBs whole body mortality were
greatest in carp, where RME HQ was 17.  These HQs suggest that benthic fish are
at risk from total PCBs, and potentially at risk from Aroclor 1242.  Pelagial fish
are also potentially at risk from total PCBs.  For the fish reproductive endpoint,
HQs calculated for the coplanar congeners and dioxins detected in carp and



Baseline Human Health and Ecological Risk Assessment

6-90 Ecological Risk Assessment

walleye are found in Table 6-35.  The TCDD-Eq HQs for the reproductive NOEL
and LOEL are all less than 1, which suggests that benthic and pelagial fish
reproduction is not impacted in this reach.

Birds.  Data evaluated for risk from Little Lake Butte des Morts included total PCBs and
DDE in tree swallows (Table 6-36).  Total PCBs HQs in eggs just exceeded 1,
which suggests possible reproductive risk (RME HQ =1.13).  PCBs were also
evaluated through the use of individual congener data (Table 6-37).  The RME
HQ for the observed effect level exceeded 1 (HQ = 1.74), which suggests a
possible risk to insectivorous bird reproduction.  However, the HQ based upon
the LD  to hatchout was less than 0.01, which suggests that where risk may20

occur, it is far less than 20 percent of the year’s hatchlings.

Dieldrin, DDD, and DDT were not detected in any whole body tissue, and this
would not be considered to pose risk in this pathway.  DDE residues in tree
swallows were reported on a whole-body basis (Table 6-36).  As a conservative
estimate for reproductive toxicity, DDE in whole body was assumed to have 100
percent maternal transfer. Based on the whole body levels of DDE compared to
the reproductive NOEL, the RME HQ for DDE was less than 0.1.  DDE is thus
not likely to cause reproductive risks to insectivorous birds.

Mink.  Hazard quotients for mink in this reach are found in Tables 6-38 and 6-39.
Table 6-38 has total PCB and TCDD-Eq HQs.  Total PCB HQs are 844 and 18
for the NOEL and LOEL, respectively.  Total TCDD-Eq HQ is 97, and represents
a NOEL/LOEL median.  Based on these HQ results, piscivorous mammal
reproduction is at risk from total PCBs, TCDD/TCDF, and PCB congener levels
found in benthic fish.

Table 6-39 contains mink NOEL and LOEL HQ levels for COPCs including
arsenic, lead, mercury, dieldrin, DDE, DDD, and DDT.  All HQs were less than
1, except for the NOEL HQ for lead (7).  These HQs indicate that there is no risk
potential from these COPCs, except for lead for which there is potential risk to
piscivorous mammals.
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Appleton to Little Rapids Reach
Water.  Surface water HQs for total PCBs measured in the Appleton to Little Rapids

reach are given in Table 6-9.  The unfiltered mean and RME NOEL HQs are 0.37
and 0.44, respectively.  These values are similar to those observed in Little Lake
Butte des Morts and indicate that there are not risks to aquatic pelagic
invertebrates from total PCBs.

Sediment.  Arsenic levels in this reach are not significantly different from background;
mean and RME HQs were less than 1 (Table 6-16).  Lead and mercury both
exceed background, and have RME HQs of 7 and 17, respectively.

Both TCDD and TCDF were measured, and the calculated TCDD HQ for the
mean and RME are 1 and 4, respectively.  The same arguments for TCDD
toxicity to benthic organisms discussed for Little Lake Butte des Morts are
applicable here.

PCB risks based upon Aroclor 1242, the actual measured RME total PCBs, and
the range of weighted average concentrations were 1,108, 907, and 16 to 51,
respectively.  As indicated by the range of these values, there are larger areas
within this reach for which there are no contaminated sediment deposits.  Most
of the sediment data for this reach is taken from the relatively small Deposit N.
Thus the risks based upon exposure points for this reach may not be reflective of
the entire reach.

Dieldrin, DDD, and DDE were not detected in any sample.  For DDT, the mean
and RME HQs were 6 and 9, respectively.

Figure 6-11 shows comparative hazard quotients for the Appleton to Little Rapids
reach.  Here the exposure point concentrations for the PCBs are 100 to 1,000
times those observed for the other COPCs.  Based upon the HQs and frequency
of detection, lead, TCDD, and DDT are considered to potentially pose risk, while
mercury and PCBs pose risk to benthic infauna.

Fish.  Exposure point risks to whole body fish are reported in Table 6-40.  Of the
COPCs, only PCBs (Aroclor 1242 and total PCBs) were detected.  Mean total
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PCB HQs in fish ranged from 4 to 5 and RME HQs in fish ranged from 5 to 7.
Based on these HQs, there is potential risk from Aroclor 1242 to benthic and
pelagial fish and potential risk from total PCBs to benthic and pelagial fish.

Birds.  The only data available in this reach were from a single eagle sample.  COPCs
detected included:  mercury, total PCBs, dieldrin, DDD, and DDE (Table 6-41).
Total PCB levels were evaluated based on concentrations of total PCBs in eggs
known to cause reproductive impairment or deformities.  The resulting HQs for
total PCBs were 9 for reproduction and 45 for deformities.  Total PCB
concentrations were approximately an order of magnitude greater than total PCB
concentrations detected in fish.  These results suggest PCBs are being
bioaccumulated, that reproductive impairment may be occurring in eagles, and
that omnivorous birds are at risk for reproductive deformities.

Dieldrin, DDD, and DDE were detected in the egg, but not in muscle tissue.  The
only detected analyte in muscle tissue was DDE.  Because there are not TRVs for
residues of DDE in muscle tissue, risk was not evaluated.  Based on the HQs
calculated for egg residues, 0.7, 0.14, and 0.31 respectively for dieldrin, DDD,
and DDE, omnivorous birds are not likely to be at risk from levels of these
compounds.

Mercury in eagles from Appleton to Little Rapids reach was measured in one
sample each of kidney, liver and muscle tissues.  The RME calculated for both
liver and kidney tissues was 1.4 mg/kg.  Mercury concentrations of 2 to 12 mg/kg
in livers of adult pheasants and mallard ducks have been associated with
reproductive impairment.  Elliot et al. (unpublished) investigated liver residues of
85 bald eagles from British Columbia, Canada between 1986 and 1993.  The
investigation by Elliot et al. assumed that the toxic threshold for mercury in livers
was 20 mg/kg.  Only 2 percent of the eagle population from this region had liver
concentrations of mercury that exceed the threshold of 20 mg/kg.  Using a TRV
of 2 mg/kg for liver tissues, the resulting HQ is 0.7.  No risk to omnivorous birds
is anticipated from mercury because the HQ does not exceed 1.

Mink.  HQs for mink in this reach are only available for total PCBs and Aroclor 1242
(Table 6-42).  No metals or PCB congeners were analyzed in fish.  DDT and
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metabolites were analyzed in carp, but not detected.  Therefore, mink are assumed
to be at no risk from DDT, DDD, and DDE.  For total PCBs, HQs were 360 and
8 for the NOEL and LOEL, respectively.  These HQ levels suggest that there is
risk to piscivorous mammals from total PCB levels contained in prey.

Little Rapids to De Pere Reach
Water.  Surface water total PCBs at Little Rapids to De Pere reach  include both filtered

and unfiltered samples.  The NOEL HQs for the filtered samples were 0.22 and
0.25 for the mean and RME, respectively.  The corresponding hazard quotients
for unfiltered water are 0.62 and 0.71 (Table 6-9).  The remaining PCBs the
filtered sample apparently account for approximately one-third of the HQ.  These
HQs were almost twice those in Little Lake Butte des Morts and Appleton to
Little Rapids reaches.  However, all HQs were below a level that would indicate
potential risk to pelagial aquatic invertebrates.

Sediment.  Arsenic was measured at or below background levels (Table 6-19).  Lead and
mercury HQs are also similar to those previously observed, with RME HQs of 9
and 24, respectively.  These were the highest metal HQs in sediment measured
throughout the entire Lower Fox River (Figure 6-12).

Both TCDD and TCDF were measured, and the calculated TCDD HQ for the
mean and RME are 1 and 2, respectively.  These HQs are again similar to the
Appleton to Little Rapids reach, and the same arguments concerning TCDD
toxicity to benthic organisms are relevant.

The HQs for Aroclor 1242, measured total PCBs, and the range for interpolated
total PCBs were 122, 125, and 91 to 113, respectively.

Dieldrin not detected, but all three DDT metabolites were at RME HQs of 0.51.
2, and 8, respectively.

Comparative sediment HQs are shown in Figure 6-12.  Based on frequency of
detects and HQs, lead, TCDD, DDE, and DDT may pose potential risk, while
mercury and total PCB concentrations pose likely risks to benthic invertebrates.
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Fish.  Table 6-43 contains HQs for COPCs which include:  PCBs (Aroclor 1242 and
total PCBs), and pesticides (dieldrin, DDD, and DDE).  There were no
measurements of metals from fish in this reach.  Total PCB RME HQs in fish
ranged from 2 to 7.  These HQs were similar to those measured in the previous
reaches and indicate potential risk from total PCBs to benthic and pelagial fish.

Dieldrin was not detected in carp (n = 5) or yellow perch (n = 1), but was
measured in a single sample (n = 3) of walleye, with a corresponding mortality
HQ of <0.001.  DDD was detected in four of six carp measured, but not in
walleye or yellow perch.  The carp DDD RME HQ was 0.31.  DDE was detected
in all carp (n = 6) and all walleye (n = 3) tested, with RME HQs of 2.  DDT was
not detected in any fish sample tested.

PCB coplanar congener and dioxin TCDD-Eq HQs for fish are contained in Table
6-44.  As a conservative estimator of risk to fish eggs, whole body measurements
of COPCs were applied against the reproductive TRV.  For carp, the TCDD-Eq
RME-NOEL and LOEL HQs were all below 1.  For walleye, TCDD-Eq NOEL HQ
was 2 and the RME LOEL HQ was less than 1.  These HQ results suggest that
there are no reproductive risks to benthic fish and potential risk to pelagial fish.

Birds.  There is no exposure point data for bird residues from Little Rapids to De Pere
reach.

Mink.  Tables 6-45 and 6-46 contain HQs for mink in this region.  Table 6-45 has total
PCB and TCDD-Eq HQs, both of which indicated that mink were at risk from
these COPCs.  For total PCBs, the NOEL HQ was 343 and the LOEL HQ was 7.
For total TCDD-Eqs, the NOEL/LOEL mean HQ was 47.

Table 6-46 contains HQs for the following COPCs: dieldrin, DDE, DDD, and
DDT.  All HQs were less than 1, suggesting no potential risk to piscivorous
mammals from these COPCs.  Arsenic, lead, and mercury were not analyzed in
fish so, although sediment concentrations are available for these metals,
piscivorous mammal risk could not be calculated because prey contribute far more
to risk than do sediment concentrations. 
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De Pere to Green Bay Reach
Water.  Water HQs for total PCBs at the De Pere to Green Bay reach (Table 6-9) are at

the highest level for all of the Lower Fox River and Green Bay (Figure 6-12).  The
NOEL HQs for the filtered mean and RME are 0.97 and 1.12, respectively.
These HQs still suggest that there is no risk to aquatic invertebrates from total
PCBs.

Sediment.  Surface sediment HQs for the De Pere to Green Bay reach are calculated in
Table 6-23.  Only at this reach do the arsenic concentrations in surface sediment
exceed both the background, and have an HQ exceeding 1 (RME HQ = 2).  Lead
and mercury RME HQs are 3 and 7, respectively (Figure 6-10).

There are no dioxin data for the De Pere to Green Bay reach.

HQs for Aroclor 1242, measured total PCBs, and the range of interpolated total
PCB RME HQs were 154, 154, and 85 to 102, respectively.

Dieldrin and DDT were not detected in any of the surface sediment samples.
DDD and DDE have RME HQs that are less than 1, and DDE was detected in
only 20 percent of the samples.

Comparison of sediment mean and RME HQs are shown on Figure 6-13.  Only
the HQs for PCBs exceeded 10, and were 100 times those observed for the other
COPCs.

Based on frequency of detects and HQs, arsenic, lead, mercury may pose potential
risks, while PCBs do pose risk to sediment invertebrates.

Fish.  Table 6-47 contains HQs for detected COPCs in fish.  Of the metals, arsenic was
not detected in any of the fish, while lead was only measured in one (n = 17) carp
sample.  These two metals are thus not posing risks to fish.  Mercury was
measured in all species tested, but the resultant RME HQ was less than 1.
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PCBs as Aroclor 1242, or total PCBs were measured in all five species.  RME HQs
were less than 10 for alewife, emerald shiners, and gizzard shad (HQ = 4, 5 and
4, respectively), and exceeded 10 for carp, walleye, and yellow perch.

RME HQs for dieldrin and DDD were less than 1 indicating no risk from these
COPCs for alewife, carp, gizzard shad, walleye and yellow perch.  RME HQs for
DDE were one for yellow perch and DDE was not detected in gizzard shad
indicating no risk for either of these species.  Carp and walleye DDE RME HQs
were less than 10 for alewife (3), carp (8), and walleye (7) indicating potential risk
from DDE for benthic and pelagial fish.

TCDD-Eq HQs for fish are contained in Table 6-48.  For all fish species, carp,
walleye, alewife and gizzard shad, the TCDD-Eq RME NOEL and LOEL HQs
were at or below 1.  These HQ results suggest no reproductive risks to any of
these species from TCDD-Eq levels.

Birds.  Total PCBs were measured in tree swallows collected from the De Pere to Green
Bay reach (Table 6-49).  Because no congener data were available, total PCB
levels measured in whole bodies were evaluated for risk.  The recent nesting
success data reported for tree swallows collected from Green Bay and reference
areas indicate that concentrations of greater than 3 mg/kg total PCBs had no
effect on hatching success of tree swallows (Custer et al., 1998).  The analytical
data from that report is used here, and the resultant HQ of 1.3 is consistent with
the observed “no effect” result.

Dieldrin was not detected in any of the tree swallow samples.  DDE
concentrations measured in whole bodies were used as a conservative comparison
to the reproductive TRV, as described previously.  Based on this estimate, the
resulting RME HQ is 0.08, and therefore, insectivorous birds do not appear to be
at risk from DDE.

Mink.  Tables 6-50 and 6-51 contain HQs for mink in this region.  Table 6-50 has total
PCB and TCDD-Eq HQs, both of which indicated that mink are at risk from
these COPCs.  For total PCBs, the NOEL HQ was 1,016 and the LOEL HQ was
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27. For total TCDD-Eqs, the NOEL/LOEL mean HQ was 183.  These HQs are
greater than HQs reported for the previous reaches.

Table 6-51 contains HQs for COPCs including: arsenic, lead, mercury, dieldrin,
DDE, DDD, and DDT.  All HQs were less than 1, suggesting no risk potential to
piscivorous mammals from these COPCs.

Green Bay
Water.  All total PCBs analyzed in Green Bay were on filtered samples.  HQs for surface

water in Green Bay are given in Table 6-9 and shown graphically on Figure 6-12.
After entering the Bay, the hazard quotients drop off significantly further away
from the River.  The NOEL RME HQ for total PCBs are 0.13 in Zone 2, and
drop below 0.1 in Zone 3.  These data suggest that total PCBs do not pose a risk
to pelagial aquatic invertebrates.

Sediment.  Total PCB concentrations in surface sediments of Green Bay yielded
relatively constant HQs throughout Zones 2 and 3 (Table 6-28).  The RME HQ
dropped from 154 at the De Pere to Green Bay reach, to approximately 20 in
Zones 2, 3A and 3B (Figure 6-14).  These mean and RME total PCB HQs
indicate risk to benthic invertebrates from PCBs in all zones.

Fish.  Table 6-52 contains HQs for detected COPCs in fish which include lead, mercury,
TCDF, total PCBs, dieldrin, DDD, DDE, and DDT.  RME HQs for mercury were
all below 1, suggesting no risk potential to fish.  RME HQs for lead were 2 in all
zones for carp, suggesting only a potential risk to benthic fish from lead.

RME HQs for total PCBs were above one for all fish in all zones except for
rainbow smelt in zones 3A and 3B where the RME HQs were 0.85 and 1
respectively.  RME HQs were only greater than 10 for carp in zones 2 and 3B,
and yellow perch in zone 2.  Where these RME HQs are greater than 10, the
benthic and pelagial fish are at risk from total PCBs.  Primarily, however, RME
HQs are between one and 10 indicating the potential for risk.

RME HQs for dieldrin in all zones were consistently less than 1, suggesting no
risk for the selected receptor species.  RME HQs for DDD were less than 1 for
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alewife.  For carp, DDD RME HQs were greater than one but less than 10.  These
HQ results indicate that pelagial fish are not at risk while benthic fish may
potentially be at risk from DDD.  RME HQs for DDE tended to be greater than
those for DDD.  Potential risk was indicated for pelagial fish and risk was more
certain for benthic fish where RME HQs were greater than 10 in zone 3B.

TCDD-Eq HQs were calculated using PCB congener data and TCDD/TCDF data
(Table 6-53).  All RME HQs were one or less except for carp in zone 3B, and
walleye in all three zones where the HQs were 2.

Birds.  Green Bay Zone 2.  Data specific to Green Bay zone 2 were only available for total
PCBs and PCB congeners in common and Forster’s terns (Table 6-54).  These
terns were collected on Kidney Island just outside the mouth of the Fox River.
RME HQs for both species were less than 2 (for mortality) indicating the
potential for risk from total PCBs.  A conservative TRV (4 mg/kg) was used for
the HQ calculation.  Tern populations at this location have been previously
investigated by Harris et al. (1993).  That research indicated that total PCB
concentrations of 7.3 mg/kg in eggs did not affect hatching success.  However,
that same study found that 42 percent of the hatched young died before fledging
and had reduced weights relative to reference areas.  Presently, the RMEs of total
PCBs are 7.3 and 7.1 respectively for common and Forster’s terns on Kidney
Island.  Thus, there exists a potential for risk to these piscivorous receptors for
total PCBs.

Rates of deformities caused by PCBs in Caspian terns from Green Bay are
contained in Table 6-55 (Ludwig et al., 1996).  Based on the TRV for lowest effect
levels for deformities, there is potential risk of deformities in both the common
tern (RME HQ = 9.1) and Forester’s tern (RME HQ = 8.9).  Deformed Caspian
terns were reported in dead eggs from Green Bay at a rate of 7 percent where the
total PCB level was 10.7 mg/kg (Ludwig et al., 1996).  Given these data, it appears
likely that piscivorous birds remain at risk for embryo deformity from total PCBs.

Calculated PCB coplanar congener TCDD-Eq HQs for common and Forster’s tern
eggs are presented in Table 6-54.  RME HQs for common tern eggs were 5.3,
0.19, and 0.12 and were respectively based on NOEC, LD , and LD  TRV20 30
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levels.  RME HQs for Forster’s tern eggs were 2.7, 0.1, and 0.06 and were
respectively based on NOEC, LD , and LD  TRV levels.  These HQ results for20 30

both species suggest that piscivorous birds at Kidney Island may be at risk for egg
mortality, but that fraction should not exceed 20 percent of the annual clutch.
There is potential for TCDD-Eq risk to piscivorous bird reproduction, however,
population reductions of 20 percent or greater are not a potential risk.

Green Bay.  These data pertain to piscivorous and insectivorous birds throughout
Green Bay, and not assigned to a specific zone or location.  Both double-crested
cormorants and tree swallows had detected tissue residues measured for total
PCBs, and DDE.  In addition, 2,3,7,8-TCDD, OCDD, dieldrin, DDD, DDT, and
PCB congeners were measured in double-crested cormorants (Table 6-56).  RME
HQs were all below one except for total PCBs in double-crested cormorant eggs
(HQ = 4.4 for reproduction and 22 for deformities), and dieldrin in double-
crested cormorant eggs (HQ = 2.9).  Thus, dieldrin and total PCBs represent a
potential reproductive risk for piscivorous birds.  Piscivorous birds are at risk for
embryo deformity.  Total PCBs are a more certain deformity risk for piscivorous
birds.  The RME HQ for total PCBs in whole tree swallows was 1.1 indicating
only slight potential risk for insectivorous birds and the RME HQ for DDE in
double-crested cormorant eggs was 1.4 also indicating only a potential for risk for
piscivorous birds.

PCB coplanar congener and TCDD TCDD-Eq HQs are shown in Table 6-57.
While the TCDD-Eq TRVs were established for bird egg concentrations, the
whole body bird concentration was applied when egg data were unavailable.
Table 6-57 presents TCDD-Eq HQs for whole tree swallows and eggs and whole
bodies of double-crested cormorants.  RME NOEL HQs were 1.3 (tree swallows),
7.7 (double-crested cormorant eggs), and 3.7 (whole double-crested cormorants).
LD20 and LD30 RME HQs were all less than one.  These data suggest that
piscivorous birds, and to a lesser extent insectivorous birds, are potentially at risk
from TCDD-Eq levels, but that fraction of the effected organisms should be less
than 20 percent of the annual clutch.

Mink.  Tables 6-58 and 6-59 contain HQs for mink in this region.  Table 6-58 has total
PCB and TCDD-Eq HQs, both of which indicated that piscivorous mammals are
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at risk from these COPCs.  For total PCBs in Green Bay zone 2, the NOEL HQ
was 572 and the LOEL HQ was 12.  For total TCDD-Eq, the NOEL/LOEL mean
HQ was 1,060.  For total PCBs in Green Bay zone 3A, the NOEL HQ was 330
and the LOEL HQ was 7.  The total TCDD-Eq NOEL/LOEL mean HQ was
1,022.  For total PCBs in Green Bay zone 3B, the NOEL HQ was 850 and the
LOEL HQ was 18.  The total TCDD-Eq NOEL/LOEL mean HQ was 1,453.

Although all Green Bay zones indicated risk to piscivorous mammals from these
COPCs, the greatest risk was in zone 3B.  As compared to the previous reaches
where total PCBs and TCDD-Eq risks to piscivorous mammals were evaluated,
Green Bay was the first instance in which the TCDD-Eq HQ exceeded the total
PCB NOEL HQ.  PCB congeners analyzed in Green Bay differed from those
analyzed in the Little Lake Butte des Morts reach and the De Pere to Green Bay
reach because of differing instances in which PCB congeners coeluted.  In addition
to elution differences, PCB congener concentrations in benthic fish were generally
greater in Green Bay.

6.5.2 Risk Summary
This section provides a summary of the observed risks by reach.  Data and
supporting information are arranged below in a format designed to answer the
specific risk questions (see Table 6-2) for each reach examined.  Summary tables
are provided which present the assessment endpoints, risk questions, constituents
analyzed, range of RME HQ values evaluated for risk, and the risk conclusions.
Answers to the risk questions fell into two categories:  “no” risk was concluded
when the HQs evaluated were less than 1, “potential” risk was concluded when
the HQs evaluated were greater than 1.  When constituents were analyzed but not
detected, it was concluded that no risk existed.  However, there were also cases
where risk could not be evaluated because constituents were not analyzed.
Summary tables for each reach are explained in more detail in this section.

Little Lake Butte des Morts
A summary of all the RME HQs is presented in Table 6-60, and the relevant
assessment and risk questions with risk conclusions are in Table 6-61.  Risks are
evaluated by the specific questions, below.
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C For the Assessment Endpoint—Functioning Water Quality Invertebrate
Communities

< Are levels of site contaminants in surface water sufficient to
cause adverse alterations to the functioning of water column
invertebrate communities?

< Only total PCB data were available for risk estimation in this reach.
All HQs were less than 1.  Therefore, pelagial water column
communities are not at risk in Little Lake Butte des Morts.

C For the Assessment Endpoint—Functioning Benthic Invertebrate
Communities

< Are levels of site contaminants in sediment sufficient to cause
adverse alterations to the functioning of benthic invertebrate
communities?

< Levels of total PCBs in sediments of Little Lake Butte des Morts are at
sufficient concentrations to cause adverse alterations to benthic
invertebrate communities.  The HQs for the area-wide average
concentration was 120.  Data demonstrate that virtually all of the total
PCB risk is in the form of Aroclor 1242.  Sediment HQs for total
PCBs were 100 to 1,000 time greater than any other COPC.

< Dioxins are not present at sufficient concentrations to cause risk to
benthic invertebrates.

< Of the three metals, only lead and mercury were present at levels that
indicate the potential for risk.  HQs for both were less than 10.

< Chlorinated pesticides do not pose risk to benthic invertebrates, based on
the low frequency of detection and low HQs.

C For the Assessment Endpoint—Benthic Fish Reproduction and Survival
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< Are levels of site contaminants sufficient to cause reproductive
or survival impairment to benthic fish?

< Levels of total PCBs are sufficiently high in benthic fish (carp) to pose
potential risk to reproductive or survival impairment.  Total PCBs were
detected in over 90 percent of the fish measured, the RME HQ was 17.

< Levels of the coplanar PCBs and dioxins do not appear to be present at
sufficient concentrations to cause fry mortality.

< There are no other COPCs measured in benthic fish at sufficient levels
to cause reproductive or survival impairment.

C For the Assessment Endpoint—Pelagial Fish Reproduction and Survival

< Are levels of site contaminants sufficient to cause reproductive
or survival impairment to pelagial fish?

< Only total PCBs were measured at sufficiently high levels to pose
potential risk to survival and reproductive impairment in pelagial fish.
Walleye and yellow perch HQs exceeded 1, but were less than 10.

< Coplanar congeners were not present in sufficient concentration to cause
adverse effects to pelagial fish fry survival.

< There were no adverse levels noted for metals or chlorinated pesticides.

C For the Assessment Endpoint—Insectivorous Bird Reproduction and
Survival

< Are levels of site contaminants sufficient to cause toxic effects or
reproductive impairment to insectivorous birds?

< Only total PCBs, TCDD-Eq, and DDE could be evaluated for this
endpoint.  The HQs for tree swallow egg hatching success exceeded 1 for
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both total PCBs and TCDD-Eq.  this suggests a possible effect.
However, reproductive success studies conducted in conjunction with the
chemical sampling found no significant difference between reference and
Little Lake Butte des Morts tree swallows (Custer et al., 1998).  DDE
HQs were less than 0.1.  Thus, insectivorous birds are not at risk at this
reach.

C For the Assessment Endpoint—Piscivorous Bird Reproduction and
Survival

< Are levels of site contaminants sufficient to cause toxic effects or
reproductive impairment to piscivorous birds?

< There were no piscivorous bird data with which to evaluate this endpoint.

C For the Assessment Endpoint—Omnivorous Bird Reproduction and
Survival

< Are levels of site contaminants sufficient to cause toxic effects or
reproductive impairment to omnivorous birds?

< There were no omnivorous bird data with which to evaluate this
endpoint.

C For the Assessment Endpoint—Piscivorous Mammal Reproduction and
Survival

< Are levels of site contaminants sufficient to cause toxic effects or
reproductive impairment to piscivorous mammals?

< Levels of total PCBs as Aroclor 1242 and TCDD-Eqs were at
sufficiently high concentrations to pose adverse impacts to mink
reproduction and kit survival.  Based on concentrations measured in
benthic fish as the principal diet component, the NOEL HQs for total
PCBs and TCDD-Eq were 844 and 97, respectively.
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Based on these data, only total PCBs and the dioxin-like coplanar PCBs represent
chemicals of concern in Little Lake Butte des Morts.  the impacted receptors are
benthic invertebrates, benthic fish, and mink.

Appleton to Little Rapids
A summary of all the RME HQs is presented in Table 6-62 and the relevant
assessment and risk questions with risk conclusions are in Table 6-63.  Risks are
evaluated by the specific questions, below.

C For the Assessment Endpoint—Functioning Water Quality Invertebrate
Communities

< Are levels of site contaminants in surface water sufficient to
cause adverse alterations to the functioning of water column
invertebrate communities?

< Only total PCB data were available for risk estimation in this reach.
All HQs were less than 1.  Therefore, pelagic water column communities
are not at risk in the Appleton to Little Rapids reach.

C For the Assessment Endpoint—Functioning Benthic Invertebrate
Communities

< Are levels of site contaminants in sediment sufficient to cause
adverse alterations to the functioning of benthic invertebrate
communities?

< Levels of total PCBs and Aroclor 1242 in sediments of Appleton to
Little Rapids are at sufficient concentrations to cause adverse alterations
to benthic invertebrate communities.  The hazard quotients for the area-
wide average concentration of total PCBs was 16.  Data demonstrate
that essentially all of the total PCB risk is in the form of Aroclor 1242.
Sediment HQs for total PCBs were up to 30- times greater than any
other COPC.
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< Dioxins are present in sufficient concentrations to potentially cause risk
to benthic invertebrates (TCDD RME HQ = 4).

< Of the three metals, only lead and mercury were present at levels that
indicate risk; however, risk from mercury is more certain (HQ = 17)
than potential risk from lead (HQ = 7).

< The only chlorinated pesticides to potentially pose risk to benthic
invertebrates, is DDT (HQ = 9).

C For the Assessment Endpoint—Benthic Fish Reproduction and Survival

< Are levels of site contaminants sufficient to cause reproductive
or survival impairment to benthic fish?

< Levels of total PCBs and Aroclor 1242 are sufficiently high in benthic
fish (carp) to potentially cause risks to reproductive or survival
impairment, based on a detection frequency of 100 percent and HQs of
7 and 5, respectively.

C For the Assessment Endpoint—Pelagial Fish Reproduction and Survival

< Are levels of site contaminants sufficient to cause reproductive
or survival impairment to pelagial fish?

< Levels of total PCBs and Aroclor 1242 were sufficiently high in pelagial
fish (walleye and yellow perch) to potentially cause risks to reproductive
or survival impairment.  HQs for total PCBs were 5 for both walleye
and yellow perch, and the Aroclor 1242 HQ for walleye was 3.

C For the Assessment Endpoint—Insectivorous Bird Reproduction and
Survival

< Are levels of site contaminants sufficient to cause toxic effects or
reproductive impairment to insectivorous birds?
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< There were no data with which to evaluate risk to insectivorous birds in
this reach.

C For the Assessment Endpoint—Piscivorous Bird Reproduction and
Survival

< Are levels of site contaminants sufficient to cause toxic effects or
reproductive impairment to piscivorous birds?

< There were no data with which to evaluate risk to piscivorous birds in
this reach.

C For the Assessment Endpoint—Omnivorous Bird Reproduction and
Survival

< Are levels of site contaminants sufficient to cause toxic effects or
reproductive impairment to omnivorous birds?

< Levels of total PCBs were sufficient to cause potential reproductive
impairment (HQ = 9) and risk of deformity (HQ = 45).  However,
it should be noted that this assessment (and those below) are based solely
on a single measurement.

< Of the metals, only mercury was analyzed and detected.  However, the
HQ (0.7) was not great enough to suggest risk.

< Chlorinated pesticides including dieldrin, DDD, DDE, and DDT were
not at high enough concentrations to suggest risk.  All HQs were less
than 1, except for DDT, which was not detected.

C For the Assessment Endpoint—Piscivorous Mammal Reproduction and
Survival

< Are levels of site contaminants sufficient to cause toxic effects or
reproductive impairment to piscivorous mammals?
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< Levels of both total PCBs and Aroclor 1242 in carp were sufficient to
cause potential risks to reproductive impairment and kit survival, where
the LOEL HQs were 7.5 and 4.9, respectively, and the NOEL HQs
were 360 and 237, respectively.

< Chlorinated pesticides including DDD, DDE, and DDT were not
detected in carp.  Therefore, it was assumed that there was no risk to
mink from these compounds.

Based on these data, only total PCBs and mercury represent chemicals of concern
in the Appleton to Little Rapids reach.  The impacted receptors include benthic
invertebrates (PCBs and mercury), omnivorous birds (total PCBs), and mink
(PCBs).

Little Rapids to De Pere
A summary of all the RME HQs is presented in Table 6-64 and the relevant
assessment and risk questions with risk conclusions are in Table 6-65.  Risks are
evaluated by the specific questions, below.

C For the Assessment Endpoint—Functioning Water Quality Invertebrate
Communities

< Are levels of site contaminants in surface water sufficient to
cause adverse alterations to the functioning of water column
invertebrate communities?

< Only total PCB data were available for risk estimation in this reach.
All HQs were less than 1.  Therefore, pelagic water column communities
are not at risk in the Little Rapids to De Pere reach.

C For the Assessment Endpoint—Functioning Benthic Invertebrate
Communities
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< Are levels of site contaminants in sediment sufficient to cause
adverse alterations to the functioning of benthic invertebrate
communities?

< Levels of total PCBs and Aroclor 1242 in sediments of Little Rapids to
De Pere are at sufficient concentrations to cause adverse alterations to
benthic invertebrate communities.  The hazard quotients for the area-wide
average concentration of total PCBs was 147.  Data demonstrate that
essentially all of the total PCB risk is in the form of Aroclor 1242.
Sediment HQs for total PCBs were up to 10 to 100 times greater than
any other COPC.

< Dioxins are present in sufficient concentrations to potentially cause risk
to benthic invertebrates (TCDD RME HQ = 2).

< Of the three metals, only lead and mercury were present at levels that
indicate risk (mercury HQ - 27, lead - 9).

< The only chlorinated pesticides to potentially pose risk to benthic
invertebrates, are DDT (HQ = 8) and DDE (HQ = 2).

C For the Assessment Endpoint—Benthic Fish Reproduction and Survival

< Are levels of site contaminants sufficient to cause reproductive
or survival impairment to benthic fish?

< Levels of total PCBs and Aroclor 1242 are sufficiently high in benthic
fish to potentially cause reproductive or survival impairment, based on
a detection frequency of 100 percent.  HQs for total PCBs and Aroclor
1242 were 7 and 3, respectively.

< Coplanar congeners were not present in sufficient concentration to cause
adverse effects to benthic fish fry survival.
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< For chlorinated pesticides, only DDE concentrations in carp were at
sufficient levels to potentially cause reproductive risk (RME HQ = 2).

C For the Assessment Endpoint—Pelagial Fish Reproduction and Survival

< Are levels of site contaminants sufficient to cause reproductive
or survival impairment to pelagial fish?

< Levels of total PCBs were sufficiently high in pelagial fish (walleye and
yellow perch) to potentially cause risks to reproductive or survival
impairment.  HQs for total PCBs were 6 for walleye and 2 for yellow
perch.

< Coplanar congeners were not present in sufficient concentration to cause
adverse effects to pelagial fish fry survival.

< For chlorinated pesticides, pelagial fish are potentially at risk from DDE
(walleye RME HQ = 2).  Pelagial fish are not at risk from other
chlorinated pesticides.

C For the Assessment Endpoint—Insectivorous Bird Reproduction and
Survival

< Are levels of site contaminants sufficient to cause toxic effects or
reproductive impairment to insectivorous birds?

< There were no data with which to evaluate risk to insectivorous birds in
this reach.

C For the Assessment Endpoint—Piscivorous Bird Reproduction and
Survival

< Are levels of site contaminants sufficient to cause toxic effects or
reproductive impairment to piscivorous birds?
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< There were no data with which to evaluate risk to piscivorous birds in
this reach.

C For the Assessment Endpoint—Omnivorous Bird Reproduction and
Survival

< Are levels of site contaminants sufficient to cause toxic effects or
reproductive impairment to omnivorous birds?

< There were no data with which to evaluate risk to omnivorous birds in
this reach.

C For the Assessment Endpoint—Piscivorous Mammal Reproduction and
Survival

< Are levels of site contaminants sufficient to cause toxic effects or
reproductive impairment to piscivorous mammals?

< Levels of both total PCBs and Aroclor 1242 in carp were sufficient to
cause potential risk to reproductive impairment and kit survival, where
the LOEL HQs were 7.2 and 3.4, respectively, and the NOEL HQs
were 343 and 163, respectively.

< Chlorinated pesticides including dieldrin and DDT were not detected in
carp.  DDD and DDE had NOEL and LOEL HQs of less than 1.
Therefore, it was assumed that there was no risk to mink from these
compounds.

Based on these data, only total PCBs and mercury represent chemicals of concern
in the Little Rapids to De Pere reach.  The impacted receptors include benthic
invertebrates (total PCBs, Aroclor 1242, and mercury) and piscivorous mammals
(total PCBs, Aroclor 1242, and TCDD-Eq).
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De Pere to Green Bay
A summary of all the RME HQs is presented in Table 6-66 and the relevant
assessment and risk questions with risk conclusions are in Table 6-67.  Risks are
evaluated by the specific questions, below.

C For the Assessment Endpoint—Functioning Water Quality Invertebrate
Communities

< Are levels of site contaminants in surface water sufficient to
cause adverse alterations to the functioning of water column
invertebrate communities?

< Only total PCB data were available for risk estimation in this reach.
All HQs were less than 1.  Therefore, pelagic water column communities
are not at risk in the De Pere to Green Bay reach.

C For the Assessment Endpoint—Functioning Benthic Invertebrate
Communities

< Are levels of site contaminants in sediment sufficient to cause
adverse alterations to the functioning of benthic invertebrate
communities?

< Levels of total PCBs and Aroclor 1242 in sediments of De Pere to
Green Bay are at sufficient concentrations to cause adverse alterations to
benthic invertebrate communities.  the hazard quotients for the area-wide
average concentration of total PCBs was 85.  Data demonstrate that
essentially all of the total PCB risk is in the form of Aroclor 1242.
Sediment HQs for total PCBs were up to 10 to 100 times greater than
any other COPC.

< Each of the three metals, arsenic, lead, and mercury, were present at
levels that indicate potential risk.  All HQs were less than 10.
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< No chlorinated pesticides were found to potentially pose risk to benthic
invertebrates.  DDD and DDE HQs were less than 1, and dieldrin and
DDT were not detected.

C For the Assessment Endpoint—Benthic Fish Reproduction and Survival

< Are levels of site contaminants sufficient to cause reproductive
or survival impairment to benthic fish?

< Levels of total PCBs and Aroclor 1242 are sufficiently high in benthic
fish (carp) to potentially cause risks to reproductive or survival
impairment.  HQs for total PCBs and Aroclor 1242 were 20 and 4,
respectively.

< PCB congeners and TCDD/TCDF in benthic fish were not at sufficient
quantities to pose risk (total TCDD-Eq NOEL HQ = <1).

< Of the metals, lead and mercury both had HQs of 1 or less, indicating
no risk from either of these metals.  Arsenic was not detected and,
therefore, also does not pose risk to benthic fish.

< Of the chlorinated pesticides, only DDE was found to potentially cause
risk to benthic fish (carp HQ = 8).  HQs in carp for other chlorinated
pesticides were 1 for DDD and less than 0.01 for dieldrin.  DDT was
not detected.

C For the Assessment Endpoint—Pelagial Fish Reproduction and Survival

< Are levels of site contaminants sufficient to cause reproductive
or survival impairment to pelagial fish?

< Levels of total PCBs and Aroclor 1242 are sufficiently high in pelagial
fish to potentially cause risks to reproductive or survival impairment.
HQs for total PCBs ranged from 4 to 13, and the HQ for Aroclor
1242 was 4 (emerald shiners).
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< PCB congeners and TCDD/TCDF in benthic fish were not at sufficient
quantities to pose risk (total TCDD-Eq HQs ranged from 0.05 to 1).

< The only metal detected in pelagial fish was mercury (walleye and perch).
Both HQs were less than 1.  Arsenic and lead were not detected and,
therefore, also do not pose risk to pelagial fish.

< Of the chlorinated pesticides, only DDE was found to potentially cause
risk to pelagial fish (walleye HQ = 7).  HQs in pelagial fish for other
chlorinated pesticides were either less than 1 or not detected.

C For the Assessment Endpoint—Insectivorous Bird Reproduction and
Survival

< Are levels of site contaminants sufficient to cause toxic effects or
reproductive impairment to insectivorous birds?

< Total PCBs in tree swallows were at sufficient levels to potentially pose
risk to reproduction (RME HQ = 1.3).

< Of the chlorinated pesticides, none were found to pose potential risk.
Dieldrin was not detected, DDD was detected at low frequency, and
DDE had an HQ of less than 1.

C For the Assessment Endpoint—Piscivorous Bird Reproduction and
Survival

< Are levels of site contaminants sufficient to cause toxic effects or
reproductive impairment to piscivorous birds?

< There were no data with which to evaluate risk to piscivorous birds in
this reach.

C For the Assessment Endpoint—Omnivorous Bird Reproduction and
Survival
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< Are levels of site contaminants sufficient to cause toxic effects or
reproductive impairment to omnivorous birds?

< There were no data with which to evaluate risk to omnivorous birds in
this reach.

C For the Assessment Endpoint—Piscivorous Mammal Reproduction and
Survival

< Are levels of site contaminants sufficient to cause toxic effects or
reproductive impairment to piscivorous mammals?

< Levels of both total PCBs and Aroclor 1242 in carp were sufficient to
pose risk to reproductive impairment and kit survival, where the LOEL
HQs were 21.2 and 4.6, respectively, and the NOEL HQs were 1,016
and 219, respectively.

< All HQs for chlorinated pesticides were less than 1, except for DDT
which was not detected in benthic fish.  Therefore, it was assumed that
there was no risk to mink from these compounds.

< All HQs for metals (lead and mercury) were less than 1 and arsenic was
not detected.  These results indicate that metals do not pose risk to mink.

Based on these data, only PCBs represent chemicals of concern in De Pere to
Green Bay.  the impacted receptors include benthic invertebrates (total PCBs and
Aroclor 1242), benthic fish (total PCBs), pelagic fish (total PCBs), and
piscivorous mammals (total PCBs, Aroclor 1242, and TCDD-Eq).

Green Bay
In Green Bay, risks are presented for Zone 2, and combined for Zones 3A and 3B.
Summaries of the RME HQs are presented in Tables 6-67 through 6-70.  The
assessment endpoints, risk questions, and conclusions to the risk questions are
presented in Tables 6-71 and 6-72.
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C For the Assessment Endpoint—Functioning Water Quality Invertebrate
Communities

< Are levels of site contaminants in surface water sufficient to
cause adverse alterations to the functioning of water column
invertebrate communities?

< Only total PCBs were available for all Green Bay zones.  In all cases,
the measured values and calculated HQs were less than 1.  Thus, water
column invertebrate communities are not at risk from total PCBs.

C For the Assessment Endpoint—Functioning Benthic Invertebrate
Communities

< Are levels of site contaminants in sediment sufficient to cause
adverse alterations to the functioning of benthic invertebrate
communities?

< Levels of total PCBs in sediments are at concentrations sufficient to cause
adverse alterations to functioning benthic communities.  HQs were fairly
consistent across all zones at values ranging from 19 to 21.

< There were no additional sediment data with which to assess the other
COPCs.

C For the Assessment Endpoint—Benthic Fish Reproduction and Survival

< Are levels of site contaminants sufficient to cause reproductive
or survival impairment to benthic fish?

< Total PCBs measured in benthic fish tissues were at levels that would
pose potential risks in all three Green Bay zones.  The carp HQ for zone
2 was 11, and the HQs for zones 3A and 3B were 7 and 17,
respectively.
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< TCDD-Eq levels in benthic fish in all three zones were at, or exceeded 1,
but were less than 10, indicating potential reproductive risk.

< Lead was measured in benthic fish in all zones with an HQ of 2,
indicating potential risk.  Mercury and arsenic were not detected.

< Chlorinated pesticides are not causing risk to benthic fish based on low
frequency of detection and/or HQ of less than 1.

C For the Assessment Endpoint—Pelagial Fish Reproduction and Survival

< Are levels of site contaminants sufficient to cause reproductive
or survival impairment to pelagial fish?

< Total PCBs were measured in all the pelagial fish measured at HQs
greater than 1.  HQs exceed 10 for yellow perch in Zones 2 and 3B, but
were less than 10 for all other species.  These data suggest a potential
risk to pelagial fish.

< TCDD-Eqs exceeded 1 for walleye fry in all three zones, but were less
than 1 for the other species measured.

< Only mercury data were available for pelagic fish.  HQs were less than
1, indicating no risk from mercury.

< Chlorinated pesticides are either infrequently detected and/or have a low
frequency of detection.

C For the Assessment Endpoint—Insectivorous Bird Reproduction and
Survival

< Are levels of site contaminants sufficient to cause toxic effects or
reproductive impairment to insectivorous birds?
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< Only total PCBs, TCDD-Eq, and DDE could be evaluated for this
endpoint.

< HQs for tree swallow hatching success exceed 1 for both total PCBs and
TCDD-Eq.  Reproductive success studies conducted in conjunction with
the chemical sampling found no significant difference between reference
and Green Bay swallows (Custer, 1998).  This suggests that
insectivorous birds are not at risk.

< DDE HQs were less than 0.1, suggesting no adverse effects.

C For the Assessment Endpoint—Piscivorous Bird Reproduction and
Survival

< Are levels of site contaminants sufficient to cause toxic effects or
reproductive impairment to piscivorous birds?

< Total PCB levels are at concentrations that pose potential risk to double-
crested cormorant reproduction impairment (HQ = 4) and embryo
deformity (HQ = 22).  Likewise, HQs for embryo deformity in common
tern and Forster’s tern (HQ = 9.1 and 8.9, respectively) suggest
potential risk.

< TCDD-Eqs in double-crested cormorants, common tern, and Forster’s
tern are at levels suggesting potential risk to embryo deformity.  These
HQ levels suggest that some fraction of the nesting population in Green
Bay may be at risk , but the HQ for the LD  is less than 1, suggesting20

that the effect should occur in less than 20 percent of the annual clutch.

< There are potential risks to double-crested cormorant from dieldrin (HQ -
3) and DDE (HQ = 1.4) in Green Bay.

C For the Assessment Endpoint—Omnivorous Bird Reproduction and
Survival
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< Are levels of site contaminants sufficient to cause toxic effects or
reproductive impairment to omnivorous birds?

< There are no data with which to evaluate this endpoint.

C For the Assessment Endpoint—Piscivorous Mammal Reproduction and
Survival

< Are levels of site contaminants sufficient to cause toxic effects or
reproductive impairment to piscivorous mammals?

< Levels of total PCBs in benthic fish were sufficient to cause reproductive
impairment and kit survival, where the LOEL HQs ranged from 6.9 to
17.7, the NOEL HQs ranged from 329 to 850, and TCDD-Eq HQs
ranged from 1,021 to 1,453 in all Green Bay zones.

< All available HQs for chlorinated pesticides were less than 1.  Therefore,
it was assumed that there was no risk to mink from these compounds.
DDT was not detected in Green Bay Zones 2 and 3B.  In Zone 3A,
benthic fish data were only available for dieldrin and not DDE, DDD,
or DDT.

< All HQs for metals (lead and mercury) were less than 1.  Arsenic was
not detected in Green Bay Zones 2 and 3B, and arsenic was not
analyzed in benthic fish in Green Bay Zone 3A.

There are risks to multiple receptors at all trophic levels from exposure to total
PCBs and TCDD-Eq throughout Green Bay.  This includes impacts to benthic
infauna, reproduction in benthic and pelagial fish, embryonic deformities in
piscivorous birds, and highly significant effects to mink reproduction and kit
survival.  Of the remaining COPCs, DDE was at sufficiently high levels to place
benthic fish at risk, and a lower potential risk for hatching of double-crested
cormorant eggs.
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6.6 Uncertainty
Assessing the uncertainty regarding estimated risk in this baseline risk assessment,
is an integral part of the assessment process.  Uncertainty is endemic to any risk
assessment due to many factors, including:  1) natural variability in the biotic and
abiotic components of any ecological system; 2) imperfect or incomplete
knowledge of the system; and 3) mistakes in execution of the assessment
activities.

Where possible, specific uncertainties have been discussed throughout this BLRA.
Some of the major uncertainties identified for this BLRA, include the following:

C Selection of COPCs
C Conceptual model limitations
C Estimates of receptor exposure including:

< Uncertainty in site data or lack of data

C Estimates of toxicity to receptors including:
< TRVs uncertainties including
< LOEL to NOEL extrapolations
< Laboratory and field extrapolations
< Interspecies variations
< Life stage sensitivities
< The food chain model
< TCDD-Eq and selection of TEFs

This section will discuss each of these uncertainties in detail.

6.6.1 Selection of COPCs
While there is uncertainty regarding the COPCs selected for further investigation
in this BLRA, the best professional judgement used by risk assessors and risk
managers in making this decision is contained in Appendix A.  Because COPCs
were selected based on conservative screening risk estimates, this source of
uncertainty is not expected to greatly influence risk estimation.
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6.6.2 Conceptual Model Limitations
Components of the conceptual model that potentially introduce uncertainty
include identifying:  COPC fate and transport, ecosystem at risk, receptors,
complete exposure pathways, and assessment and measurement endpoints.

COPC fate and transport in the environment is a preliminary component of the
conceptual model.  Described fate and transport was based on knowledge of
chemical and physical properties of the COPCs and receiving environment, and
site specific data.  For this site, because the majority of COPCs were released
historically from primary point and nonpoint sources, it is now the secondary
sources (i.e., sediments) in which the bulk of COPCs reside.  Numerous
investigations within the Lower Fox River and Green Bay have illustrated, to a
large degree of certainty, that sediment depositional areas contain the highest
concentrations of contaminants.  Therefore, uncertainty regarding contaminant
fate and transport is primarily uncertainty regarding the transfer of site
contaminants from sediments to selected receptors.

The BLRA assessed risk to ecological receptors based on a predefined area to be
examined.  The ecosystem at risk was predominantly limited to aquatic rather
than terrestrial receptors.  Additionally, identified receptors may travel outside of
the region defined as the ecosystem at risk.  The potential for receptors to be at
greater or lesser risk from COPCs outside of the identified area is an uncertainty.
This assessment assumed that accumulated tissue concentrations of COPCs in
receptors were derived strictly from the same identified subareas of the ecosystem
from which the receptor was collected.

Receptors, identified within the conceptual model, were selected to be
representative of all potentially complete exposure pathways.  The identified
receptors act as surrogates for other species that are similar in terms of habitat use
and prey selection.  Risk assessed for the selected receptors is presumed to
represent the potential risk for all other species in the system.  Terrestrial
receptors were not assessed because they were not in the scope of this assessment
and amphibians were not assessed because of a lack of data and resources.  While
there is inherent uncertainty in minimizing the receptors for which risks are
assessed, the primary exposure pathways identified (i.e., bioaccumulative COPC
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exposure through trophic transfer) were well represented with high trophic level
predators as receptors.

Identified assessment endpoints were comprehensive.  Water column and benthic
invertebrates, recognized as a fundamental forage base for energy transfer within
aquatic food webs, were identified as independent assessment endpoints.
Assessment endpoints for fish and birds covered most all potential exposure
pathways.  Differences from the site conceptual model for the SLRA include the
removal of aquatic vegetation and waterfowl exposure pathways.  While there may
be risks to and through those exposure pathways, determining risks through the
remaining pathways was assumed to be sufficient for characterizing the system.

6.6.3 Estimates of Receptor Exposure
Uncertainties regarding estimated receptor exposure center around uncertainty
regarding the conceptual model (discussed above), but also include limitations to
or lack of site data.  Within the Fox River Database, there are over 311,000 data
points, and the quality of these data are discussed in Section 4.  Given the
temporal and spatial density of the data within the Lower Fox River, there are
good reasons to assume that the overall quality of the data is high, and thus the
related degree of uncertainty is low.  There were no significant biases or gaps
observed within the sediment, fish, or bird sample data.  One remaining data gap
is for COPCs other than PCBs in the river water.  This is particularly true for the
three metals considered in this BLRA.  However, this impacts only the ability to
assess risks to pelagic, invertebrate communities.  The remaining assessment
endpoints could be addressed through the other media (e.g., bird tissues) for
which data were judged adequate.

There is some uncertainty remaining with the Green Bay data for sediments and
water.  Those data were judged to be suitable for supporting a risk assessment, but
the lack of adequate QA/QC on those data, as well as more recent corroborative
sampling limit the interpretation and use of those measurements.  While there has
been more recent, validated data collected for some limited fish (carp and
walleye), as well as birds (double-crested cormorants, tree swallows), the lack of
recent water and sediment PCB data raises some uncertainty concerning the
exposure pathways to ecological receptors.
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6.6.4 Estimates of Toxicity to Receptors
Uncertainty regarding COPC toxicity to the receptor stems from the limitations
of the measurement endpoints selected to evaluate risk to the assessment
endpoints.  These uncertainties include uncertainties specific to the TRVs, the
food-chain model limitations, and uncertainties related to PCB toxicity including
TCDD-Eqs and TEFs.  Each of these uncertainties is discussed below.

Uncertainty in Selection of Toxicity Reference Values
To the greatest extent possible, this risk assessment used failure to reproduce as
the measure of ecological risk to receptor species on the Lower Fox River and
Green Bay.  Reproductive failure was broadly defined and could include
reproduction dysfunction, reduced numbers of eggs or live young, still birth or
failure to hatch, developmental abnormalities, or post-birth mortality.  Other
metrics may be equally valid (e.g., growth), but these were not applied in this risk
assessment.

For example, the mink TRV used in this study was the LOEL of 0.72 mg/kg total
PCBs in fish (Heaton et al., 1995).  This was the lowest concentration observed
to cause a statistically significant reduction in live birth.  In a related study of
multi-generational effects of eating PCB-contaminated fish, Restum et al. (1998)
developed dietary LOEL of 0.25 mg/L based upon a statistically significant
difference in the kit body weight at 3- and 6-week post birth.  While this is a
measurable adverse effect, the same study did not find any significant reductions
in the ability of subsequent generations to reproduce, until a dietary dose of 1
mg/kg total PCBs.  As such, the lower reproductive value of Heaton et al. was
used.  At worst, the difference in estimating the risk between the use of these two
TRVs is a factor of 3, and thus likely contributes any different information to the
characterization of risk to mink in the Lower Fox River.

Extrapolations from LOEL to NOEL or Vice Versa.  If a literature value only contained
a LOEL or NOEL value, this BLRA extrapolated from this known TRV to the
unknown point by applying a factor of 10.  Since it is unknown whether this
factor of 10 presents a true picture of the toxicity, uncertainty exists.  To reduce
this uncertainty, if possible both points were taken from the same study.
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Extrapolation from Laboratory Studies to Field Effects.  Most TRVs are derived from
laboratory studies.  To extrapolate laboratory studies to field effect introduces
many uncertainties.  For example:

C Different species other than identified receptors may have been used—
extrapolating from one species to another introduces uncertainty
because one species may be more or less sensitive than another.

C The form or constitution of the COPC may not have been the same.

C The life stage evaluated may be more or less sensitive, and most
laboratory tests are based on less than lifetime studies.

C Laboratory studies evaluate COPC individually, and there is the
potential for synergistic or additive effects of mixtures of COPCs.

To limit the effects of uncertainty, TRVs were selected based on either the most
sensitive or site relevant species and the most sensitive endpoint.  Where possible,
field study data was used.  However, field studies present another layer of
uncertainty.  While field studies may provide more ecologically relevant data,
most field studies involve tissue residue values that are compounded by other
toxicants (e.g., PCBs and organochlorine residues).  Also, limitations exist on
determining the cause and effect relationship (i.e., whether the tissue residue
value caused the effect observed).

The Food Chain Model
The food chain model used to assess risks to mink contains limitations related to
both exposure and effects assessment.  The major uncertainties associated with
this model include the following.

100 Percent of Receptor Foraging Occurs Within Each Specific Reach.  Since mink
home ranges have not been delineated along the river,  the assumption that 100
percent foraging occurs within each specific reach introduces some uncertainty.
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Dietary Assumptions.  Only carp whole tissue data was used in the analysis for mink
dietary consumption.  Carp represent the most relevant species for inclusion in
the model.  However, mink consume other small fish that may contribute to their
COPC exposure.  Data were missing to quantify certain components of the mink
diet.  Data were not available to estimate the dose associated with approximately
9 percent of their diet, including contributions from prey other than carp and
ingestion of water.

Ingestion rates for mink were based upon the most relevant study for this area,
but mink fish consumption varies from 30 to 90 percent of their diet.  This
variability is due to mink diet seasonality and other factors such as prey
availability.

The model also assumes that minks are a uniform weight and exhibit the same
sensitivity throughout their life cycle or between sexes.  To minimize this
uncertainty, the TRVs were selected for the most sensitive life stage (see TRV
discussion above).

Uncertainty in Selection of Toxicity Equivalent Factors
Selection of an appropriate TCDD equivalency factor for determining the AHH-
mediated risk can over, or underestimate the risk calculation.  For example, the
fish TEFs applied to warm-water fish reproduction were derived from laboratory
studies using salmonids.  While the application of those trout-TEFs to walleye or
yellow perch may be overly conservative, in the absence of species-specific TEFs
they will be sufficiently protective.

The selection of the H4IIE-derived TEFs for birds in this study may under
estimate the degree of overall risk to avifauna in the Lower Fox River and Green
Bay.  While the egg extracts used to derive these TEFs were specifically collected
from double-crested cormorants and Caspian terns collected from the Great Lakes,
including Green Bay, the  TCDD-Eqs were derived through measuring
cytochrome P450-dependent EROD activity in H4IIE rat hepatoma cells.  Thus,
using induction of EROD in a mammalian cell line to derive avian TEFs may
inject a degree of uncertainty to the risk characterization.
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There are two alternatives avian TEFs that were also considered for use in this risk
assessment; those of Kennedy et al. (1996) and the World Health Organization
(WHO) TEFs. (Ahlborg et al., 1994).  The former values have been derived for
birds by measuring EROD induction in chicken embryo hepatocytes (CEH-
TEF)(Kennedy et al., 1996).  The WHO-TEFs were used developed by an
international group of toxicologists who reviewed the literature and evaluated the
various TEF schemes to derive consensus avian TEFs for PCDDs, PCDFs, and
dioxin-like PCBs.

The selection of the appropriate avian TEF can have a large impact on the final
derivation of HQs.  For example, in this risk assessment the HQ for the H4IIE-
derived TEC for Forster’s tern eggs collected on Kidney Island was 2.2.  Using the
same data, the CEH-TEC HQ was 153, while the WHO-TEC HQ was 16.  For
common tern eggs from Kidney Island, the respective HQs were 4, 236, and 27.
In this comparison, the WHO values are 7 to 8 times that of the H4IIE, while the
CEH values are approximately 60 to 70 times the H4IIE, and 9 to 10 times that
of the WHO values.

Use of the CEH-TEFs in this risk assessment would clearly show a higher degree
of risk to aviafauna in the Lower Fox River and Green Bay.  Chicken embryos are
extremely sensitive to TCDD and related chlorinated hydrocarbons, and good
correlations between the toxicity of these compounds and their potencies as
EROD inducers in chick embryos has been demonstrated (Brunström et al.,
1995).  However, chickens are known to be one of the most sensitive avian
species to effects from PCHs (Eisler and Belisle, 1996) and are more sensitive
than double-crested cormorants or Caspian terns (Ludwig et al., 1996).  Induction
of EROD activity by PCB 126 in chick embryo livers was approximately 800
times more responsive than in tern, and at least 1,000 times more responsive than
the American kestrel (Hoffman et al., 1998).  For PCB 77, EROD responsiveness
was more than 1,000 times greater in chickens than in kestrel.  Thus, use of the
CEH-TEFs would likely overestimate the risks to the aviafauna

TEFs should be end point and species specific, and not withstanding the apparent
sensitivity noted in the CEH-TEFs, the avian-developed TEFs should be more
appropriate than the mammalian H4IIE TEFs.  Until quantitative dose-response
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relationships can be determined between the avian-derived TEFs and ecologically
relevant endpoints, it will not be possible to assess which of these two approaches
is more accurate at predicting environmental responses.  In the absence of site,
endpoint, and species-specific information, the WHO values likely represent the
appropriate equivalency factors.

The selection of the H4IIE-derived TEFs for the present risk assessment were
done on the basis of the large body of investigations and scientific literature
performed on the relevant species and endpoints used in this risk assessment.  To
that end, the H4IIE tests may be more relevant to assessing risk on the Lower Fox
River.  There is a large body of H4IIE-derived toxicological data produced in the
Lower Fox River, Green Bay, and the Great Lakes that include paired analytical
measures of total PCBs and PCB congeners in appropriate receptor tissues (e.g.,
bird embryos and chicks), H4IIE-derived TEQs, and measures of environmental
effects.  Some of these studies include, but are not limited to:

C Reproductive productivity in colonies of double-crested cormorants
were found to be inversely correlated with concentrations of PCBs as
measured by the H4IIE bioassay (Tillitt et al., 1992) that included three
sites in Green Bay.

C Double-crested cormorant eggs from Spider Island in Lake Michigan
(just outside of Green Bay) were collected and measured for
instrumental quantification of the PCB congeners, TEF calculation of
TCDD-Eqs, and direct measurement of TCDD-Eqs by the H4IIE
bioassay (Williams et al., 1995).

C H4IIE bioassay-derived TCDD-Eqs measured in eggs of double-crested
cormorants and Caspian terns were found to be concordant with those
areas of the Great Lakes known to have both PCB contamination and
known to have the greatest rates of deformities in fish-eating waterbirds
(Tillit et al., 1991).  This included seven collections in Green Bay.

C The relationships between measured total H4IIE bioassay-derived
TCDD-Eqs and TEFs derived from measured concentrations of PCB
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congeners 77, 105, 126, and 169 in Forster’s tern eggs and chicks,
common tern eggs and chicks, and red-winged blackbird eggs and
nestlings collected in the Lower Fox River and Green Bay has been
defined (Jones et al., 1993).

C H4IIE-derived TEFs were used to derive total TCDD-Eqs from
measured concentrations of PCB congeners in Forster’s tern in Green
Bay.  That study further identified lowered hatching success with
increased levels of TCDD-Eq (Kubiak et al., 1989).

C H4IIE-derived TCDD-Eqs were highly correlated with deformity rates
and egg death rates in a large study of double-crested cormorants
(n = 44,000) and Caspian terns (n = 12,000) in the Great Lakes,
including Green Bay (Ludwig et al., 1996).

C Morphometric brain abnormalities in double-crested cormorant
hatchlings from colonies known to be contaminated with high levels of
PCBs was found to be correlated with TCDD-Eq calculated using the
H4IIE-derived TEFs (Henshel et al., 1997).

Given these, and other Great Lakes site, receptor, and endpoint-specific studies
(Yamashita et al., 1992; Giesey et al., 1994, 1995; Bowerman et al., 1995), use of
the H4IIE TEFs is warranted.  At worst, the HQs estimated in the present risk
assessment underestimate the TCDD-Eq risk by a factor of 10, relative to the
WHO values.



Table 6-1     Fate and Transport Properties of Chemicals of Concern

Constituent Water Solubility Log Kow Vapor Pressure Henry's Law Constant 

(mg/L) (25°C)  (mm Hg) (25°C) (atm-m3/mol)

Organics
PCB, Aroclor 1242 0.24 6.3 4.06 × 10-4 5.6 × 10-4 

TCDD 0.000317 7.0 7.2 × 10-10 16.1 × 10-6 (25 °C)
TCDF — 6.5 2.0 × 10-6 —
DDT 0.00354 6.8 1 × 10-7 1.29 × 10-5 (23 °C)
DDE 0.04 (20 °C) 6.0 6.5 × 10-6 (20 °C) 6.8 × 10-5 

DDD 20 5.9 4.68 × 10-6 2.16 × 10-5 

Dieldrin 0.186 (20 °C) 5.5 3.1 × 10-6 (20 °C) 2 × 10-7 

Metals
Mercury 0.056 2 × 10-3 Hgo 6.97 × 10-3

CH3HgCl 0.3, 0.4 (CH3)2Hg 7.54 × 103

Hg(OH)2 7.2 × 10-8

References:
ATSDR., 1998. Toxicological Profile for Chlorinated Dibenzo-p-dioxins. Agency for Toxic Substances and Disease Registry,
     U.S. Department of Health and Human Services.
EPA, 1992. National Study of Chemical Residues in Fish, Volume II. EAP 823-R-92-008b. U.S. Environmental Protection 
Agency, 
Montgomery, J. H., 1996. Groundwater Chemicals Desk Reference, 2nd Edition. Lewis Publishers, Boca Raton, Florida. 1,345 
Syracuse Research Corporation On-Line Log P Calculation at http://esc.syrres.com/~esc1/kowint.htm.
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Table 6-2 Assessment and Measurement Endpoints for the Ecological Risk Assessment

Assessment Endpoint
(What is being

protected?)

Risk Questions (What is being Model Receptor (How are the
Measurement Endpoint Risk Criteria

measured to assess Species/Population measurements related to
environmental effects?) the assessment?)

1. Functioning water Are levels of site contaminants in C Surface water Zooplankton C Background surface
column invertebrate surface water sufficient to cause chemistry water
communities adverse alterations to the C Water ecological

functioning of water column benchmark criteria
invertebrate communities?

2. Functioning benthic Are levels of site contaminants in C Sediment chemistry Aquatic insects, C Sediment quality criteria
invertebrate sediment sufficient to cause molluscs, worms
communities adverse alterations to the

functioning of benthic
invertebrate communities?

3. Benthic fish survival Are levels of site contaminants C Benthic fish tissue Carp C Tissue-based TRV
and reproduction sufficient to cause reproductive or analysis

survival impairment to benthic
fish?

4. Pelagial fish survival Are levels of site contaminants C Pelagial fish tissue Emerald shiner, C Tissue-based TRV
and reproduction sufficient to cause reproductive or analysis rainbow smelt, alewife,

survival impairment to pelagial perch, walleye
fish?

5. Insectivorous bird Are levels of site contaminants C Whole body COPC Tree swallows C Tissue-based whole-
survival and sufficient to cause toxic effects or levels body TRV
reproduction reproductive impairment to C Egg COPC levels C Egg-based TRV

insectivorous birds? C Embryo deformities C Incidence rates of
embryonic deformities
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Assessment Endpoint
(What is being

protected?)

Risk Questions (What is being Model Receptor (How are the
Measurement Endpoint Risk Criteria

measured to assess Species/Population measurements related to
environmental effects?) the assessment?)
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6. Piscivorous bird Are levels of site contaminants C Whole body COPC Double-crested C Tissue-based whole-
survival and sufficient to cause toxic effects or levels cormorants, body TRV
reproduction reproductive impairment to C Egg COPC levels Forster’s tern, C Egg-based TRV

piscivorous birds? C Embryo deformities Common tern C Incidence rates of
embryonic deform.

7. Omnivorous bird Are levels of site contaminants C Whole body COPC Eagles C Tissue-based whole-
survival and sufficient to cause toxic effects or levels body TRV
reproduction reproductive impairment to C Egg COPC levels C Egg-based TRV

omnivorous birds? C Embryo deformities C Incidence rates of
embryonic deform.

8. Piscivorous mammal Are levels of site contaminants C Food chain modeling Mink C Dietary reference dose
survival and sufficient to cause toxic effects or of exposure, uptake
reproduction reproductive impairment to and effects to mink

piscivorous mammals?



Table 6-3     Mink Exposure Parameters

Parameter Mink

Body Weight 0.8 kg

Ingestion Rate
  Trophic-level 3 fisha 0.152 kg/day ww
  Sedimentb 0.004 kg/day ww
  Waterc 0.081 L/day (g/day)

Exposure Factor 1
Bioavailability Factor 100%

NOTES:
a  Parameter derived from Alexander (1997) and Water Quality 
Guidance for the Great Lakes System  (based upon 85% diet of trophic-
level 3 fish).
b  Assumed for this BLRA.
c  Parameter derived from Water Quality Guidance for the Great 
Lakes System.



Potential Ecotoxicological Effects

Table 6-4     Potential Ecotoxicological Effects from Chemicals Identified in the Lower Fox
                      River/Green Bay

Chemical Surv
iva

l

Gro
wth

 

Rep
ro

duct
io

n

Exposure Medium  Exposure Routes

Chlorinated Organic Compounds
Polychlorinated Biphenyls 3 3 water/sediments/food chain ingestion, gill uptake, food chain transfer
DDT, DDD, DDE 3 3 sediments/food chain ingestion, food chain transfer
Dioxin/Furans 3 3 sediments/food chain ingestion, food chain transfer
Dieldrin 3 3 sediments/food chain ingestion, food chain transfer

Metals
Arsenic 3 3 3 water/sediments
Lead 3 3 3 water/sediments/food chain ingestion, gill uptake, food chain transfer
Mercury 3 3 3 water/sediments/food chain ingestion, gill uptake, food chain transfer



Table 6-5     Selected Values as Criteria or TRVs

COPC
Measurement Endpoint 

Receptor Media Concentration Units Type Effect Reference

0.5 µg/L LOEL
50 ng/L NOEL

benthic invertebrates sediment 31.6 µg/kg dry wt. ARCS TEC EPA, 1996

egg 0.5
ERED (EPA and U.S. COE, 1998); 

Zabel et al ., 1995; Walker and Peterson, 
whole body 0.75 ERED (EPA and U.S. COE, 1998)

4 mg/kg NOEL
bald eagle 

reproductive 
Weimeyer, 1990

0.8 mg/kg wwt LOEL deformity Ludwig et al. , 1996
tree swallows egg 3.3 µg/g wwt NOEL hatching success Custer et al ., 1998

0.015 NOEL
0.72 LOEL

benthic invertebrates sediment 0.0039 µg/kg
sediment screening 

value
EPA, 1997b

41 NOEL
84 LOEL

7 NOEL
reproductive 
impairment

Giesy et al ., 1994

191 LD20
308 LD30

bald eagle, DCC, terns egg 38 ng/kg LOEL deformity Ludwig et al. , 1996

mink prey 1.9 ng/kg prey
mean of NOEL 

and LOEL
reproduction Tillitt et al. , 1996

4,4'-DDT water column water 1 ng/L chronic NAWQC EPA, 1995
total DDT benthic invertebrates sediment 7 µg/kg dry wt. TEL Smith et al.,  1996
4,4'-DDE benthic invertebrates sediment 1.42 µg/kg dry wt. TEL Smith et al.,  1996
4,4'-DDD benthic invertebrates sediment 3.54 µg/kg dry wt. TEL Smith et al.,  1996

p,p'-DDE all fish whole 0.11 mg/kg estimated NOEL mortality
based onERED (EPA and U.S. COE, 

1998)
DDT equivalents all birds brain 20 mg/kg LOEL mortality Blus, 1996

all birds eggs 3.5 mg/kg NOEL productivity Wiemeyer et al ., 1984
mink diet 1.21 mg/kg body wt/day NOEL mortality estimated from NCI/DHEW 1978

p,p'-DDE mink diet 12.1 mg/kg/body wt/day LOEL mortality NCI/DHEW 1978

egg lethality

Johnson et al. , 1998

derived from Giesy et al ., 1994 and 
Tillitt et al ., 1992

DDE

Niimi, 1996

Heaton et al. , 1995

TCDD-Eq

fish

all birds

egg

egg

ng/kg

ng/kg

sac fry mortality

mg/kg prey

NOEL

sublethal

mortality

reproduction and kit 
survival 

Total PCBs

water column 
invertebrates

fish

bald eagle, DCC, terns

mink

water

egg

carp in diet

mg/kg



Table 6-5     Selected Values as Criteria or TRVs (Continued)

COPC
Measurement Endpoint 

Receptor Media Concentration Units Type Effect Reference

water column 
invertebrates

water 0.0019 µg/L
freshwater chronic 

NAWQC
EPA, 1995

benthic invertebrates sediment 11,000
µg/kg organic 

carbon
Federal Sediment 
Quality Criteria

Federal Register, Vol. 59, No. 11, 
January 18, 1994

all fish whole 28 mg/kg NOEL mortality ERED (EPA and U.S. COE, 1998)
brain 1 Peakall, 1996
egg 0.1 Giesey et al. , 1995

0.009 NOEL
0.018 LOEL

water column 
invertebrates

water 0.19 mg/L
freshwater chronic 

NAWQC
EPA, 1995

benthic invertebrates sediment 12.1 mg/kg dry wt. ARCS TEC
fish whole 0.5 mg/kg NOEL mortality ERED (EPA and U.S. COE, 1998)

1.26  mg/kg BW/day LOEL
0.126  mg/kg BW/day estimated NOEL

water column 
invertebrates

water 2.5 µg/L
freshwater chronic 

NAWQC
EPA, 1995

benthic invertebrates sediment 34.2 mg/kg dry wt. ARCS TEC
2.54 NOEL
4.01 LOEL

8 NOEL
80 LOEL

water column 
invertebrates

water 0.012 µg/L
freshwater chronic 

NAWQC
EPA, 1995

benthic invertebrates sediment 0.17 mg/kg dry wt. TEL Smith et al.,  1996
fish whole 0.25 mg/kg wwt NOEL mortality ERED (EPA and U.S. COE, 1998)

egg 0.5 NOEL lethality Giesey et al. , 1995

liver 2 LOEL
reproductive 
impairment

EPA, 1997c

0.16 subchronic NOEL subchronic Wobeser et al. , 1976b
0.016 chronic NOEL chronic EPA GLWQI

ERED (EPA and U.S. COE, 1998)

Azar et al. , 1973

Mercury
all birds

mink diet

mg/kg

µg/kg BW/day

Schroeder and Mitchner, 1971

Lead
fish

mink

egg

diet

mg/kg

 mg/kg BW/day

growth, development 
and morphology

reproduction

Arsenic

mink diet reproduction

NOEL mortality

reproduction

Dieldrin

all birds

mink diet  mg/kg BW/day

mg/kg

Harr et al. , 1970b



Baseline Human Health and Ecological Risk Assessment

Ecological Risk Assessment 6-135

Table 6-6 Toxic Equivalent Factors (TEFs) Used for TCDD-Eq Calculations

Congener
No. Structure

Mammalian Avian Fish

Safe Ahlborg Tillitt et al., Kennedy Zabel et al.,
1992* et al., 1994 1991* et al., 1996 1995WHO 1997 Peterson

Walker and

1991*

2,3,7,8-TCDD 1 1 1 1 1 1 1

2,3,7,8-TCDF 0.1 0.1 0.05 0.0064 1.1 0.028 0.028

77 3,3', 4,4'-tetrachlorobiphenyl 0.01 0.0005 0.0001 0.000018 0.03 0.00016 0.00016

81 3,4,4',5-tetrachlorobiphenyl — — 0.0005 0.0019 — — 0.00056

105 2,3,3',4,4'-pentachlorobiphenyl 0.001 0.0001 0.000005 0.0000076 0.005 <0.00007 0.00000172

118 2,3',4,4',5-pentachlorobiphenyl 0.001 0.0001 0.000005 0.00000037 0.001 <0.00007 0.00000302

126 3,3'4,4',5-pentachlorobiphenyl 0.1 0.1 0.005 0.022 0.3 0.005 0.005

169 3,3'4,4',5,5'-hexachlorobiphenyl 0.05 0.01 0.00005 0.00047 0.02 0.000041 0.000041

NOTES:
* Selected for use in the risk assessment.



Observed Effects vs. Reported 
Concentrations in Eggs1

Calculated Avian Egg Threshold 
Values for the ERA

for DCC of Tillitt et al 
2

Bird Species LDn - egg TCDD-Eq LDn - egg TCDD-Eq  

Double-crested cormorant 100 1,029 100 1,132 1,297
Caspian tern 50 750 90 1,014 1,148
Double-crested cormorant 50 460 80 896 999
Caspian tern 35 416 70 779 849
Double-crested cormorant 37 344 60 661 700
Double-crested cormorant 27 217 50 543 551
Double-crested cormorant 8 35 40 426 401
No Observed Effects Level3 0 7 30 308 252

20 191 103

Line Regession y = 0.085x + 3.806 y = 0.067x +13.1
R2 Value 0.923 0.703
p value 0.00015 0.0003

NOTES:
1.  LDn data from Giesy et al.,  1994a.
2.   Values generated from Tillitt et al. 's (1992) regression equation for observed effects on double-crested cormorants (DCC).
3.  NOEL value for avifauna from Froese et al.,  1998.

Table 6-7     Determination of Effects-based TRV for Pisciverous Bird Eggs
                     of the Lower Fox River and Green Bay



Table 6-8     Surface Sediment Analytes in Lake Winnebago (Background)

Hazard Quotients

Analyte
Number of 
Samples

Number of 
Detects

Detection 
Frequency 

(%)

Detected 
Minimum

Detected 
Maximum

Mean RME Criteria

R
ef

er
en

ce

Mean RME

Metals (mg/kg)
Arsenic 3 3 100 4 6 5 6 12.10 1 0.44 0.50
Lead 3 3 100 30 39 35 39 34.20 1 1 1
Mercury 3 3 100 0.11 0.17 0.14 0.17 0.17 2 0.82 1

Dioxins/Furans (µg/kg)
2,3,7,8-TCDD 0
2,3,7,8-TCDF 0

PCBs (µg/kg)
Ar1242 3 3 100 10 16 13 16 31.60 1 0.42 0.51
Total PCBs 5 5 100 6 36 22 35 31.60 1 0.70 1.11

Pesticides (µg/kg)
Dieldrin 3 0 0
p,p-DDD 3 0 0
p,p-DDE 3 2 67 2 4 3 4 3.54 2 0.76 0.99
p,p-DDT 3 0 0

Total Organic Carbon (mg/kg)
Total Organic Carbon 3 3 100 8 8 7.80 8.10

NOTES:
Shaded data exceed criteria.
1.  ARCS SEC (EPA, 1996)
2.  Environment Canada TEL (Smith et al., 1996); p,p-DDT based on total DDT TEL



Table 6-9     Surface Water PCBs in the Lower Fox River and Green Bay

Hazard Quotients

Analyte
Number of 
Samples

Number of 
Detects

Detection 
Frequency 

(%)

Detected 
Minimum

Detected 
Maximum

Mean RME   Criteria 1 Mean 
NOEL

Mean 
LOEL

RME 
NOEL

RME 
LOEL

Little Lake Butte des Morts
Total PCBs (filtered) 28 28 100.00 1.40 18.95 9.20 11.18 50/500 0.18 0.02 0.22 0.02
Total PCBs (unfiltered) 29 29 100.00 0.13 40.16 18.86 23.47 50/500 0.38 0.04 0.47 0.05

Appleton to Little Rapids
Total PCBs (unfiltered) 47 47 100.00 0.78 52.17 18.48 22.19 50/500 0.37 0.04 0.44 0.04

Little Rapids to DePere
Total PCBs (filtered) 73 73 100.00 1.33 27.60 11.10 12.27 50/500 0.22 0.02 0.25 0.02
Total PCBs (unfiltered) 73 73 100.00 0.78 96.30 31.28 35.31 50/500 0.63 0.06 0.71 0.07

DePere to Green Bay
Total PCBs (filtered) 79 79 100.00 5.00 177.00 48.62 55.91 50/500 0.97 0.10 1.12 0.11

Green Bay Zone 2
Total PCBs (filtered) 69 69 100.00 1.00 22.00 5.67 6.51 50/500 0.11 0.01 0.13 0.01

Green Bay Zone 3A
Total PCBs (filtered) 69 69 100.00 0.47 12.00 2.09 2.49 50/500 0.04 0.00 0.05 0.00

Green Bay Zone 3B
Total PCBs (filtered) 42 42 100.00 0.52 3.92 1.45 1.67 50/500 0.03 0.00 0.03 0.00

NOTES:
1.  50 ng/L is the total PCB NOEL and 500 ng/L is the total PCB LOEL .
All values reported in ng/L.



Table 6-10     Surface Sediment Analytes in Little Lake Butte des Morts to Appleton Reach

Hazard Quotients

Analyte
Number of 
Samples

Number of 
Detects

Detection 
Frequency 

(%)

Detected 
Minimum

Detected 
Maximum

Mean RME Criteria

R
ef

er
en

ce

Mean RME

Metals (mg/kg)
Arsenic 12 12 100 4 7 5 5 12.10 1 0.40 0.45
Lead 12 12 100 4 300 120 180 34.20 1 4 5
Mercury 71 57 80 0.18 3 0.98 1 0.17 3 6 7

Dioxins/Furans (µg/kg)
2,3,7,8-TCDD 5 4 80 0.003 0.005 0.002 0.004 3.90E-03 4 0.63 1
2,3,7,8-TCDF 5 5 100 0.05 0.07 0.06 0.07

PCBs (µg/kg)
Ar1242 243 238 98 21 130,000 10,154 12,018 31.60 1 321 380
Total PCBs (N) 280 277 99 25 130,000 10,735 12,496 31.60 1 340 395
Total PCBs (I0) 57,745 57,745 100 0 123,960 3,735 3,786 31.60 1 118 120
Total PCBs (Id) 39,525 39,525 100 21 123,960 5,457 5,527 31.60 1 173 175

Pesticides (µg/kg)
Dieldrin 5 1 20 6 6 7 6 11,000.00 2 0.00 0.00
p,p-DDD 9 2 22 5 6 2 3 3.54 3 0.64 0.96
p,p-DDE 9 0
p,p-DDT 9 1 11 13 13 6 8 1.42 3 4.10 5.69

Total Organic Carbon (mg/kg)
Total Organic Carbon 252 232 92 0.68 778,000 140,641 161,206

NOTES:
Shaded data exceed criteria.
N indicates that the data was not interpolated based on depth
I0 indicates that interpolated grid areas for which "no values" existed were assumed to equal zero
Id indicates that interpolated grid areas for which "no values" existed were deleted from the database
1.  ARCS SEC (EPA, 1996)
2.  Federal Sediment Quality Criteria (µg/kg OC)
3.  Environment Canada TEL (Smith et al., 1996); p,p-DDT based on total DDT TEL
4.  EPA Sediment Screening Values (EPA, 1997b)



Analyte
Number of 
Samples

Number of 
Detects

Detection 
Frequency 

(%)

Detected 
Minimum

Detected 
Maximum

Mean RME

PCBs (µg/kg)
PCB Congener 105 2 2 100 3 13 7.9 9.21
PCB Congener 118 2 2 100 16.5 55.6 36.05 38.32
PCB Congener 126 2 1 100 — 0.22 0.16 0.12
PCB Congener 169 2 0 100 — 0.07 U — —
PCB Congener 77 2 2 100 9.5 35.1 22.3 25.09

Table 6-11     PCB Congeners in Surface Sediment in Little Lake Butte
                        des Morts Reach



Table 6-12     Little Lake Buttes Des Mortes Reach Whole Fish Concentrations

Analyte Species
Number of 
Samples

Number of 
Detects

Detection 
Frequency 

(%)

Detected 
Minimum

Detected 
Maximum

Mean RME

Metals (mg/kg)
Arsenic Carp 11 2 18 0.13 0.15 0.50 0.15

Walleye 6 0

Lead Carp 9 0
Walleye 6 0

Mercury Carp 12 8 67 0.01 0.07 0.03 0.04
Walleye 7 7 100 0.01 0.08 0.04 0.06

Dioxins/Furans (µg/kg)
2,3,7,8-TCDD Carp 3 3 100 0.0002 0.0003 0.0003 0.0003

Walleye 2 2 100 0.0004 0.0005 0.0005 0.0005

2,3,7,8-TCDF Carp 3 3 100 0.002 0.003 0.002 0.003
Walleye 3 3 100 0.004 0.006 0.005 0.006

PCBs (µg/kg)
Ar1242 Carp 9 9 100 290 2,600 903 1,393

Gizzard Shad 3 3 100 200 530 377 530

Total PCBs Carp 35 34 97 280 50,000 8,909 12,663
Gizzard Shad 4 4 100 54 530 296 530
Walleye 12 9 75 300 7,900 2,478 3,884
Yellow Perch 6 6 100 810 3,500 2,018 2,734

Pesticides  (µg/kg)
Dieldrin Carp 12 2 16.67 0.67 0.99 6.82 0.99

Walleye 9 1 11.11 10 10 7 10

p,p-DDD Carp 10 7 70.00 2.4 90 37 55
Walleye 8 1 12.50 78 78 26 42

p,p-DDE Carp 11 6 54.55 8.1 180 66 100
Walleye 9 4 44.44 40 77 52 72

p,p-DDT Carp 10 0
Walleye 8 0



Table 6-13  PCB Congeners in Whole Fish from Little Lake Buttes Des Mortes Reach

Analyte Species
Number of 
Samples

Number 
of 

Detects

Detection 
Frequency 

(%)

Detected 
Minimum

Detected 
Maximum

Mean RME

PCBs (µg/kg)
PCB Congener 105 Carp 5 5 100.00 2.88 35 10.09 23.42
PCB Congener 118 Carp 5 5 100.00 9.92 150 40.87 99.09
PCB Congener 126 Carp 5 1 20.00 0.0271 0.0271 0.11 0.03
PCB Congener 169 Carp 4 0
PCB Congener 77 Carp 5 5 100.00 0.938 8.5 2.55 5.73
PCB Congener 81/87/115 Carp 3 3 100.00 3.7 11 6.50 11.00

PCB Congener 105 Walleye 5 5 100.00 5.54 20 9.50 15.22
PCB Congener 118 Walleye 7 7 100.00 19 77 35.09 49.62
PCB Congener 126 Walleye 5 4 80.00 0.0566 0.0757 0.10 0.08
PCB Congener 169 Walleye 5 0
PCB Congener 77 Walleye 5 5 100.00 1.38 6.4 2.72 4.72
PCB Congener 81/87/115 Walleye 4 4 100.00 9.1 22 16.78 22.00



Table 6-14   Little Lake Butte des Morts Reach Bird Tissue Concentrations

Analyte Species Tissue
Number of 
Samples

Number of 
Detects

Detection 
Frequency 

(%)

Detected 
Minimum

Detected 
Maximum

Mean RME

PCBs (µg/kg)
Total PCBs Tree Swallow egg 5 5 100.00 1,790 4,030 2,924 3,732
Total PCBs Tree Swallow whole 24 24 100.00 79 7,400 2,135 2,797

Pesticides  (µg/kg)
Dieldrin Tree Swallow whole 18 0
p,p-DDD Tree Swallow whole 18 0
p,p-DDE Tree Swallow whole 18 18 100.00 38 530 155 208
p,p-DDT Tree Swallow whole 18 0



Table 6-15   PCB Congeners in Tree Swallows from Little Lake Butte des Morts Reach

Analyte Tissue
Number 

of 
Samples

Number of 
Detects

Detection 
Frequency 

(%)

Detected 
Minimum

Detected 
Maximum

Mean RME

PCBs (µg/kg)
PCB Congener 105 egg 5 5 100 1.40 36.00 21 33
PCB Congener 118/106 egg 5 5 100 56.00 120.00 85 108
PCB Congener 126 egg 5 5 100 0.20 0.70 0.34 0.54
PCB Congener 169 egg 5 1 20 0.20 0.20 0.08 0.14
PCB Congener 77 egg 5 5 100 0.10 0.50 0.22 0.38

PCBs (µg/kg)
PCB Congener 105 whole 15 15 100 1.70 50.00 16.74 23
PCB Congener 118/106 whole 15 15 100 6.50 150.00 58.4 78
PCB Congener 126 whole 15 6 40 0.10 0.40 0.13 0.18
PCB Congener 169 whole 15 0
PCB Congener 77 whole 15 0



Table 6-16     Surface Sediment Analytes in Appleton to Little Rapids Reach

Hazard Quotients

Analyte
Number of 
Samples

Number of 
Detects

Detection 
Frequency 

(%)

Detected 
Minimum

Detected 
Maximum

Mean RME Criteria

R
ef

er
en

ce

Mean RME

Metals (mg/kg)
Arsenic 4 4 100 2 6 4 6 12.10 1 0.34 0.51
Lead 4 4 100 5 280 74 236 34.20 1 2 7
Mercury 14 13 93 0.36 5 2 3 0.17 2 12 17

Dioxins/Furans (µg/kg)
2,3,7,8-TCDD 3 2 67 0.00051 0.0167 0.01 0.02 3.90E-03 3 1 4
2,3,7,8-TCDF 3 1 33 0.33305 0.33305 0.12 0.33

PCBs (µg/kg)
Ar1242 39 39 100 100 180,000 23,463 35,023 31.60 1 742 1108
Total PCBs (N) 48 47 98 100 185,560 20,939 30,691 31.60 1 663 971
Total PCBs (I0) 73,557 73,557 100 0 153,347 488 505 31.60 1 15 16
Total PCBs (Id) 22,881 22,881 100 0 153,347 1,570 1,623 31.60 1 50 51

Pesticides (µg/kg)
Dieldrin 1 0
p,p-DDD 3 0
p,p-DDE 3 0
p,p-DDT 3 2 67 6 13 8 13 1.42 2 6 9

Total Organic Carbon (mg/kg)
Total Organic Carbon 50 50 100 3,160 338,000 73,937 88,263

NOTES:
Shaded data exceed criteria.
N indicates that the data was not interpolated based on depth
I0 indicates that interpolated grid areas for which "no values" existed were assumed to equal zero
Id indicates that interpolated grid areas for which "no values" existed were deleted from the database
1.  ARCS SEC (EPA, 1996)
2.  Environment Canada TEL (Smith et al., 1996); p,p-DDT based on total DDT TEL
3.  EPA Sediment Screening Values (EPA, 1997b)



Table 6-17     Appleton to Little Rapids Reach Whole Fish Concentrations

Analyte Species
Number of 
Samples

Number of 
Detects

Detection 
Frequency 

(%)

Detected 
Minimum

Detected 
Maximum

Mean RME

Metals (mg/kg)
Arsenic 0
Lead 0
Mercury 0

Dioxins/Furans (µg/kg)
2,3,7,8-TCDD 0
2,3,7,8-TCDF 0

PCBs (µg/kg)
Ar1242 Carp 5 5 100.00 1,400 3,700 2,720 3,555

Walleye 1 1 100.00 2,400 2,400 2,400 2,400

Total PCBs Carp 8 8 100.00 430 7,200 3,754 5,401
Walleye 1 1 100.00 3,900 3,900 3,900 3,900
Yellow Perch 3 3 100.00 2,000 3,500 2,633 3,500

Pesticides  (µg/kg)
p,p-DDD Carp 2 0

p,p-DDE Carp 2 0

p,p-DDT Carp 2 0



Table 6-18     Appleton to Little Rapids Reach Bird Tissue Concentrations

Analyte Species Tissue
Number of 
Samples

Number of 
Detects

Detection 
Frequency 

(%)
Detected 
Minimum

Detected 
Maximum Mean RME

Metals (mg/kg)
Mercury Bald Eagle kidney 1 1 100.00 1.4 1.4 1.40 1.40
Mercury Bald Eagle liver 1 1 100.00 1.4 1.4 1.40 1.40
Mercury Bald Eagle muscle 1 1 100.00 0.48 0.48 0.48 0.48

PCBs (ug/kg)
Total PCBs Bald Eagle egg 1 1 100.00 — 36,000 — 36,000
Total PCBs Bald Eagle muscle 1 0

Pesticides  (µg/kg)
Dieldrin Bald Eagle egg 1 1 100.00 70 70 70 70
Dieldrin Bald Eagle muscle 1 0
p,p-DDD Bald Eagle egg 1 1 100.00 160 160 160 160
p,p-DDD Bald Eagle muscle 1 0
p,p-DDE Bald Eagle egg 1 1 100.00 1,100 1,100 1,100 1,100
p,p-DDE Bald Eagle muscle 1 1 100.00 50 50 50 50
p,p-DDT Bald Eagle egg 1 0
p,p-DDT Bald Eagle muscle 1 0



Table 6-19     Surface Sediment in Little Rapids to DePere Reach

Hazard Quotients

Analyte
Number of 
Samples

Number of 
Detects

Detection 
Frequency 

(%)

Detected 
Minimum

Detected 
Maximum

Mean RME Criteria

R
ef

er
en

ce

Mean RME

Metals (mg/kg)
Arsenic 17 17 100 3 10 5 6 12.10 1 0.43 0.49
Lead 17 17 100 6 1,400 172 308 34.20 1 5 9
Mercury 71 71 100 0.01 10 3 4 0.17 2 20 24

Dioxins/Furans (µg/kg)
2,3,7,8-TCDD 2 2 100 0.01 0.01 0.01 0.01 3.90E-03 3 1 2
2,3,7,8-TCDF 2 2 100 0.05 0.12 0.08 0.12 NA

PCBs (µg/kg)
Ar1242 197 194 98 17 39,000 3,867 4,610 31.60 1 122 146
Total PCBs (N) 239 228 95 37 40,430 3,941 4,644 31.60 1 125 147
Total PCBs (I0) 37,479 37,479 100 0 41,946 2,890 2,926 31.60 1 91 93
Total PCBs (Id) 30,383 30,383 100 0 41,946 3,565 3,607 31.60 1 113 114

Pesticides (µg/kg)
Dieldrin 16 0
p,p-DDD 15 7 47 1 3 2 2 3.54 2 0.43 0.51
p,p-DDE 15 4 27 7 22 5 8 3.54 2 1 2
p,p-DDT 9 4 44 3 20 7 11 1.42 2 5 8

Total Organic Carbon (mg/kg)
Total Organic Carbon 209 209 100 2 128,000 44,626 47,952

NOTES:
Shaded data exceed criteria.
NA indicated that the criteria is not available
N indicates that the data was not interpolated based on depth
I0 indicates that interpolated grid areas for which "no values" existed were assumed to equal zero
Id indicates that interpolated grid areas for which "no values" existed were deleted from the database
1.  ARCS SEC (EPA, 1996)
2.  Environment Canada TEL (Smith et al., 1996); p,p-DDT based on total DDT TEL
3.  EPA Sediment Screening Values (EPA, 1997b)



Analyte
Number of 
Samples

Number of 
Detects

Detection 
Frequency 

(%)

Detected 
Minimum

Detected 
Maximum

Mean RME

PCBs (µg/kg)
PCB Congener 105 1 1 100 54.4 54.4 54.4 54.4
PCB Congener 118 1 1 100 — 133 133 133
PCB Congener 126 1 1 100 — 0.79 1 1
PCB Congener 169 1 0 100 — — — —
PCB Congener 77 1 1 100 89.1 89.1 89.1 89.1

Table 6-20     PCB Congeners in Surface Sediment in Little Rapids to
                        De Pere Reach



Table 6-21     Little Rapids to DePere Reach Whole Fish Concentrations

Analyte Species
Number of 
Samples

Number of 
Detects

Detection 
Frequency 

(%)

Detected 
Minimum

Detected 
Maximum

Mean RME

Metals (mg/kg)
Arsenic 0
Lead 0
Mercury 0

Dioxins/Furans (µg/kg)
2,3,7,8-TCDD Carp 3 3 100.00 0.0004 0.0009 0.0006 0.0009

Walleye 3 3 100.00 0.0007 0.0010 0.0008 0.0010

2,3,7,8-TCDF Carp 3 3 100.00 0.0005 0.002 0.001 0.002
Walleye 3 3 100.00 0.009 0.013 0.010 0.013

PCBs (ug/kg)
Ar1242 Carp 7 7 100.00 710 3,100 1,823 2,444

Total PCBs Carp 21 21 100.00 604 10,000 4,312 5,151
Walleye 3 3 100.00 2,405 4,587 3,742 4,587
Yellow Perch 1 1 100.00 1,600 1,600 1,600 1,600

Pesticides  (µg/kg)
Dieldrin Carp 5 0

Walleye 3 1 33.33 6 6 4 6
Yellow Perch 1 0

p,p-DDD Carp 6 4 66.67 2 50 19 34
Walleye 3 0
Yellow Perch 1 0

p,p-DDE Carp 6 6 100.00 13 260 109 185
Walleye 3 3 100.00 75 220 145 220
Yellow Perch 1 0

p,p-DDT Carp 6 0
Walleye 3 0
Yellow Perch 1 0



Table 6- 22      PCB Congeners in Whole Fish from Little Rapids to DePere Reach

Analyte Species
Number of 
Samples

Number 
of 

Detects

Detection 
Frequency 

(%)

Detected 
Minimum

Detected 
Maximum

Mean RME

PCBs (µg/kg)
PCB Congener 105 Carp 3 3 100.00 2.43 14.15 7.98 14
PCB Congener 118 Carp 3 3 100.00 13.05 50.97 30.48 51
PCB Congener 126 Carp 3 2 66.67 0.07 0.10 0.06 0.10
PCB Congener 169 Carp 3 0
PCB Congener 77 Carp 3 3 100.00 0.21 1.38 0.72 1
PCB Congener 81/87/115 Carp 3 3 100.00 7.4 36 20.47 36

PCB Congener 105 Walleye 3 3 100.00 24.57 39.62 32.26 40
PCB Congener 118 Walleye 3 3 100.00 65.99 98.07 83.35 98
PCB Congener 126 Walleye 3 3 100.00 0.21 0.41 0.30 0.41
PCB Congener 169 Walleye 3 0
PCB Congener 77 Walleye 3 3 100.00 4.07 7.23 5.29 7
PCB Congener 81/87/115 Walleye 3 3 100.00 45 88 68.67 88



Table 6-23     Surface Sediment Analytes at the DePere to Green Bay Reach

Hazard Quotients

Analyte
Number of 
Samples

Number of 
Detects

Detection 
Frequency 

(%)

Detected 
Minimum

Detected 
Maximum

Mean RME Criteria

R
ef

er
en

ce

Mean RME

Metals (mg/kg)
Arsenic 76 58 76 1 386 11 20 12.10 1 0.95 2
Lead 76 76 100 4 350 81 90 34.20 1 2 3
Mercury 76 73 96 0.10 8 1 1 0.17 2 6 7

Dioxins/Furans (µg/kg)
2,3,7,8-TCDD 0
2,3,7,8-TCDF 0

PCBs (µg/kg)
Ar1242 244 241 99 61 99,000 4,036 4,880 31.60 1 128 154
Total PCBs (N) 251 246 98 71 99,000 4,032 4,855 31.60 1 128 154
Total PCBs (I0) 52,137 52,137 100 0 20,500 2,674 2,695 31.60 1 85 85
Total PCBs (Id) 43,405 43,405 100 0 20,500 3,211 3,235 31.60 1 102 102

Pesticides (µg/kg)
Dieldrin 6 0 0
p,p-DDD 5 3 60 1 5 2 3 3.54 2 0.50 0.91
p,p-DDE 5 1 20 2 2 3 2 3.54 2 0.71 0.54
p,p-DDT 5 0 0

Total Organic Carbon (mg/kg)
Total Organic Carbon 216 216 100 1 127,000 51,954 54,703

NOTES:
Shaded data exceed criteria.
N indicates that the data was not interpolated based on depth
I0 indicates that interpolated grid areas for which "no values" existed were assumed to equal zero
Id indicates that interpolated grid areas for which "no values" existed were deleted from the database
1.  ARCS SEC (EPA, 1996)
2.  Environment Canada TEL (Smith et al., 1996); p,p-DDT based on total DDT TEL
3.  EPA Sediment Screening Values (EPA, 1997b)



Analyte
Number of 
Samples

Number of Detects
Detection 
Frequency 

(%)

Detected 
Minimum

Detected 
Maximum

Mean RME

PCBs (µg/kg)
PCB Congener 105 2 2 100 9 18.5 13.75 9.31
PCB Congener 118 2 2 100 24 43.6 33.80 19.21
PCB Congener 126 2 1 50 — 0.27 J 0.19 0.17
PCB Congener 169 2 0 0 — — — —
PCB Congener 77 2 2 100 13.2 29.3 21.25 15.78

NOTE:
J - Estimated value.

Table 6-24     PCB Congeners in Surface Sediment in De Pere to Green Bay Reach
                      Measured in 1998 Supplemental Sampling



Table 6-25    DePere to Green Bay Reach Whole Fish Concentrations

Analyte Species
Number of 
Samples

Number of 
Detects

Detection 
Frequency 

(%)

Detected 
Minimum

Detected 
Maximum

Mean RME

Metals (mg/kg)
Arsenic Carp 16 0

Gizzard Shad 1 0
Walleye 12 0
Yellow Perch 1 0

Lead Carp 17 1 6 5 5 3 3
Gizzard Shad 1 0
Walleye 12 0
Yellow Perch 1 0

Mercury Carp 17 16 94 0.04 0.74 0.14 0.21
Gizzard Shad 1 0
Walleye 13 13 100 0.09 0.27 0.17 0.20
Yellow Perch 1 1 100 0.04 0.04 0.04 0.04

Dioxins/Furans (µg/kg)
2,3,7,8-TCDD Carp 5 5 100.00 0.000005 0.001 0.001 0.001

Walleye 4 4 100.00 0.000006 0.002 0.001 0.002

2,3,7,8-TCDF Carp 4 4 100.00 0.000006 0.005 0.002 0.004
Walleye 3 3 100.00 0.014 0.019 0.017 0.019

PCBs (µg/kg)
Ar1242 Carp 7 7 100.00 1,200 4,000 2,414 3,283

Emerald Shiners 5 5 100.00 2,400 3,000 2,640 2,860
Gizzard Shad 3 0

Total PCBs Alewife 24 24 100.00 1,500 4,700 2,858 3,159
Carp 66 66 100.00 1,100 90,000 12,163 15,247
Emerald Shiners 5 5 100.00 3,100 4,000 3,520 3,846
Gizzard Shad 22 22 100.00 760 5,900 2,447 2,866
Walleye 82 82 100.00 1,100 25,000 8,625 9,537
Yellow Perch 4 4 100.00 5,400 8,400 6,525 8,113



Table 6-25    DePere to Green Bay Reach Whole Fish Concentrations (Continued)

Analyte Species
Number of 
Samples

Number of 
Detects

Detection 
Frequency 

(%)

Detected 
Minimum

Detected 
Maximum

Mean RME

Pesticides  (µg/kg)
Dieldrin Alewife 24 21 87.50 5 55 23 29

Carp 46 24 52.17 4 71 18 22
Gizzard Shad 19 14 73.68 2 21 9 12
Walleye 67 63 94.03 19 400 54 65
Yellow Perch 2 0

p,p-DDD Alewife 2 0
Carp 25 13 52.00 50 650 81 124
Gizzard Shad 1 0
Walleye 17 9 52.94 50 140 55 71
Yellow Perch 2 0

p,p-DDE Alewife 2 2 100.00 280 330 305 330
Carp 25 24 96.00 61 1,650 644 832
Gizzard Shad 1 0
Walleye 16 14 87.50 220 1,470 591 760
Yellow Perch 2 2 100.00 120 140 130 140

p,p-DDT Alewife 2 0
Carp 25 0
Gizzard Shad 1 0
Walleye 16 0
Yellow Perch 2 0



Table 6-26      PCB Congeners in Whole Fish from De Pere to Green Bay Reach

Analyte Species
Number of 
Samples

Number 
of 

Detects

Detection 
Frequency 

(%)

Detected 
Minimum

Detected 
Maximum

Mean RME

PCBs (µg/kg)
PCB Congener 105 Carp 4 4 100.00 12 64 29 57
PCB Congener 118 Carp 21 21 100.00 22 310 139 176
PCB Congener 126 Carp 4 3 75.00 0.18 0.59 0.25 0.53
PCB Congener 169 Carp 6 2 33.33 0.75 0.75 0.26 0.57
PCB Congener 77 Carp 4 4 100.00 1 3 2 3
PCB Congener 81 Carp 21 21 100.00 3 33 16 20

PCB Congener 105 Walleye 10 10 100.00 31 95 51 63
PCB Congener 118 Walleye 25 25 100.00 59 490 186 225
PCB Congener 126 Walleye 5 5 100.00 0.47 0.86 0.68 0.84
PCB Congener 169 Walleye 11 10 90.91 0.04 15 2 4
PCB Congener 77 Walleye 5 5 100.00 7 10 8 9
PCB Congener 81 Walleye 25 25 100.00 7 61 21 25

PCB Congener 118 Alewife 11 11 100.00 39 97 69 79
PCB Congener 81 Alewife 11 10 90.91 4.7 10 6 8

PCB Congener 118 Gizzard Shad 9 9 100.00 21 35 29 32
PCB Congener 81 Gizzard Shad 9 9 100.00 2.6 4.6 4 4



Table 6-27     DePere to Green Bay Reach Bird Tissue Concentrations

Analyte Species Tissue
Number of 
Samples

Number of 
Detects

Detection 
Frequency 

(%)
Detected 
Minimum

Detected 
Maximum Mean RME

PCBs (µg/kg)
Total PCBs Tree Swallow whole 22 22 100.00 510 17,000 3,118 4,411

Pesticides  (µg/kg)
Dieldrin Tree Swallow whole 22 0
p,p-DDD Tree Swallow whole 22 3 13.64 12 14 6 7
p,p-DDE Tree Swallow whole 22 22 100.00 28 520 218 271
p,p-DDT Tree Swallow whole 22 0



Table 6-28     Surface Sediment PCBs in Green Bay Zones

Hazard Quotients

Analyte
Number of 
Samples

Number of 
Detects

Detection 
Frequency 

(%)

Detected 
Minimum

Detected 
Maximum

Mean RME Criteria 1

R
ef

er
en

ce

Mean RME

GBZone2
Total PCBs 6 6 100 35 799 319 606 31.60 1 10 19

GBZone3A
Total PCBs 15 15 100 6 993 475 616 31.60 1 15 19

GBZone3B
Total PCBs 37 37 100 86 1,056 607 679 31.60 1 19 21

NOTE:
1  ARCS SEC (EPA, 1996)



Table 6-29     Green Bay Whole Fish Concentrations

Analyte Species
Number of 
Samples

Number of 
Detects

Detection 
Frequency 

(%)

Detected 
Minimum

Detected 
Maximum

Mean RME

Metals (mg/kg)
Green Bay Zone 2

Arsenic Alewife 1 0
Carp 7 0
Yellow Perch 1 0

Lead Alewife 1 0
Carp 7 4 57.14 5 5 4 5
Yellow Perch 1 0

Mercury Alewife 1 1 100.00 0.09 0.09 0.09 0.09
Carp 7 7 100.00 0.1 0.21 0.17 0.21
Rainbow Smelt 4 4 100.00 0.024 0.036 0.03 0.04
Yellow Perch 1 1 100.00 0.03 0.03 0.03 0.03

Green Bay Zone 3A
Arsenic Alewife 2 0

Yellow Perch 1 0

Lead Alewife 2 0
Carp 1 1 100.00 5 5 5 5
Yellow Perch 1 0

Mercury Alewife 2 2 100.00 0.01 0.09 0.05 0.09
Carp 1 1 100.00 0.21 0.21 0.21 0.21
Rainbow Smelt 6 4 66.67 0.018 0.05 0.03 0.04
Yellow Perch 1 1 100.00 0.06 0.06 0.06 0.06



Table 6-29     Green Bay Whole Fish Concentrations (Continued)

Analyte Species
Number of 
Samples

Number of 
Detects

Detection 
Frequency 

(%)

Detected 
Minimum

Detected 
Maximum

Mean RME

Green Bay Zone 3B
Arsenic Alewife 1 0

Carp 2 0
Yellow Perch 1 0

Lead Alewife 1 0
Carp 3 2 66.67 5 5 4 5
Yellow Perch 1 0

Mercury Alewife 1 1 100.00 0.06 0.06 0.06 0.06
Carp 3 3 100.00 0.1 0.21 0.17 0.21
Yellow Perch 1 1 100.00 0.04 0.04 0.04 0.04

Dioxins/Furans (µg/kg)
Green Bay Zone 2

2,3,7,8-TCDD Carp 1 0

2,3,7,8-TCDF Carp 1 1 100.00 0.00002 0.00002 0.00002 0.00002

PCBs (µg/kg)
Green Bay Zone 2

Total PCBs Alewife 75 75 100.00 990 19,000 2,542 2,976
Carp 53 53 100.00 930 36,000 7,299 8,574
Gizzard Shad 44 44 100.00 700 3,200 1,745 1,870
Rainbow Smelt 62 62 100.00 280 1,600 1,091 1,159
Walleye 68 68 100.00 2,691 12,677 6,348 6,857
Yellow Perch 1 1 100.00 8,500 8,500 8,500 8,500



Table 6-29     Green Bay Whole Fish Concentrations (Continued)

Analyte Species
Number of 
Samples

Number of 
Detects

Detection 
Frequency 

(%)

Detected 
Minimum

Detected 
Maximum

Mean RME

Green Bay Zone 3A
Total PCBs Alewife 38 38 100.00 280 5,600 1,064 1,325

Carp 15 15 100.00 260 8,800 3,761 4,943
Rainbow Smelt 52 51 98.08 210 1,300 569 641
Walleye 24 24 100.00 980 7,500 3,969 4,655
Yellow Perch 1 1 100.00 2,900 2,900 2,900 2,900

Green Bay Zone 3B
Total PCBs Alewife 15 15 100.00 830 3,700 2,117 2,472

Carp 18 18 100.00 2,700 43,000 8,806 12,751
Rainbow Smelt 40 40 100.00 250 1,500 733 818
Walleye 35 35 100.00 2,400 20,031 6,009 7,090
Yellow Perch 2 2 100.00 5,600 7,200 6,400 7,200

Pesticides  (µg/kg)
Green Bay Zone 2

Dieldrin Alewife 74 70 94.59 4 140 21 25
Carp 48 45 93.75 1 91 23 29
Gizzard Shad 44 29 65.91 2 80 10 13
Rainbow Smelt 62 58 93.55 1 21 7 8
Walleye 62 62 100.00 2 100 32 37
Yellow Perch 1 0

p,p-DDD Alewife 1 1 100.00 90 90 90 90
Carp 3 3 100.00 50 240 120 240
Gizzard Shad 15 0
Yellow Perch 1 0



Table 6-29     Green Bay Whole Fish Concentrations (Continued)

Analyte Species
Number of 
Samples

Number of 
Detects

Detection 
Frequency 

(%)

Detected 
Minimum

Detected 
Maximum

Mean RME

Green Bay Zone 2 (Continued)
p,p-DDE Alewife 1 1 100.00 630 630 630 630

Carp 1 1 100.00 180 180 180 180
Gizzard Shad 15 1 6.67 380 380 49 90
Rainbow Smelt 4 0
Yellow Perch 1 1 100.00 120 120 120 120

p,p-DDT Alewife 1 0
Carp 3 0
Gizzard Shad 15 0
Rainbow Smelt 4 0
Yellow Perch 1 0

Green Bay Zone 3A
Dieldrin Alewife 38 36 94.74 7 60 21 24

Carp 10 10 100.00 4 70 19 31
Rainbow Smelt 52 43 82.69 3 30 14 16
Walleye 20 20 100.00 5 87 43 53
Yellow Perch 1 0

p,p-DDD Alewife 2 1 50.00 80 80 53 80
Rainbow Smelt 12 0
Yellow Perch 1 0

p,p-DDE Alewife 2 2 100.00 390 1,000 695 1,000
Rainbow Smelt 12 2 16.67 50 60 30 36
Yellow Perch 1 1 100.00 180 180 180 180

p,p-DDT Alewife 2 2 100.00 50 100 75 100
Rainbow Smelt 12 0
Yellow Perch 1 0



Table 6-29     Green Bay Whole Fish Concentrations (Continued)

Analyte Species
Number of 
Samples

Number of 
Detects

Detection 
Frequency 

(%)

Detected 
Minimum

Detected 
Maximum

Mean RME

Green Bay Zone 3B
Dieldrin Alewife 15 14 93.33 12 46 20 25

Carp 13 13 100.00 26 88 49 59
Rainbow Smelt 40 40 100.00 3 42 15 17
Walleye 24 24 100.00 29 110 59 67
Yellow Perch 1 0

p,p-DDD Alewife 1 0
Carp 1 1 100.00 290 290 290 290
Yellow Perch 1 1 100.00 50 50 50 50

p,p-DDE Alewife 1 1 100.00 340 340 340 340
Carp 1 1 100.00 1,900 1,900 1,900 1,900
Yellow Perch 1 1 100.00 390 390 390 390

p,p-DDT Alewife 1 0
Carp 1 0
Yellow Perch 1 0



Table 6-30       PCB Congeners in Whole Fish from Green Bay

Analyte Species
Number of 
Samples

Number of 
Detects

Detection 
Frequency 

(%)

Detected 
Minimum

Detected 
Maximum

Mean RME

PCBs (µg/kg)
Green Bay Zone 2

PCB Congener 118 Carp 45 45 100.00 18 470 151 178
PCB Congener 77/110 Carp 45 45 100.00 25 520 159 184
PCB Congener 81 Carp 45 44 97.78 3 39 17 19

PCB Congener 105 Walleye 6 6 100.00 24 141 74 107
PCB Congener 118 Walleye 31 31 100.00 62 310 152 172
PCB Congener 126 Walleye 1 1 100.00 1 1 1 1
PCB Congener 169 Walleye 5 5 100.00 0.08 2 0.80 1
PCB Congener 77/110 Walleye 31 31 100.00 85 340 201 224
PCB Congener 81 Walleye 31 31 100.00 8 34 18 20

PCB Congener 118 Alewife 35 35 100.00 21 480 66 88
PCB Congener 77/110 Alewife 35 35 100.00 34 600 101 128
PCB Congener 81 Alewife 35 34 97.14 3 48 7 9

PCB Congener 118 Gizzard Shad 14 14 100.00 22 46 27 30
PCB Congener 77/110 Gizzard Shad 14 14 100.00 35 69 48 52
PCB Congener 81 Gizzard Shad 14 14 100.00 3 5 4 4

PCB Congener 77/110 Rainbow Smelt 29 29 100.00 23 73 42 46
PCB Congener 81 Rainbow Smelt 29 29 100.00 2 8 4 4



Table 6-30       PCB Congeners in Whole Fish from Green Bay (Continued)

Analyte Species
Number of 
Samples

Number of 
Detects

Detection 
Frequency 

(%)

Detected 
Minimum

Detected 
Maximum

Mean RME

Green Bay Zone 3A
PCB Congener 105/132/153 Carp 10 10 100.00 16 270 126 187
PCB Congener 118 Carp 10 10 100.00 9 230 103 154
PCB Congener 77/110 Carp 10 10 100.00 8 230 109 160
PCB Congener 81 Carp 10 9 90.00 1 26 10 15

PCB Congener 105/132/153 Walleye 10 10 100.00 49 250 173 215
PCB Congener 118 Walleye 10 10 100.00 34 200 108 137
PCB Congener 126 Walleye 2 2 100.00 0.71 0.93 0.82 0.93
PCB Congener 169 Walleye 5 5 100.00 0.08 2 1 2
PCB Congener 77/110 Walleye 10 10 100.00 42 320 144 191
PCB Congener 81 Walleye 10 9 90.00 4 25 13 16

PCB Congener 105/132/153 Alewife 18 18 100.00 11 93 46 56
PCB Congener 118 Alewife 18 18 100.00 9 68 30 36
PCB Congener 77/110 Alewife 18 18 100.00 13 100 40 49
PCB Congener 81 Alewife 18 18 100.00 1 8 3 4

PCB Congener 105/132/153 Rainbow Smelt 20 20 100.00 11 46 26 31
PCB Congener 118 Rainbow Smelt 20 20 100.00 8 38 18 21
PCB Congener 77/110 Rainbow Smelt 20 20 100.00 8 65 23 28
PCB Congener 81 Rainbow Smelt 20 20 100.00 1 5 3 3



Table 6-30       PCB Congeners in Whole Fish from Green Bay (Continued)

Analyte Species
Number of 
Samples

Number of 
Detects

Detection 
Frequency 

(%)

Detected 
Minimum

Detected 
Maximum

Mean RME

Green Bay Zone 3B
PCB Congener 105/132/153 Carp 12 12 100.00 160 360 232 267
PCB Congener 118 Carp 12 12 100.00 100 280 174 204
PCB Congener 77/110 Carp 12 12 100.00 110 290 194 229
PCB Congener 81 Carp 12 11 91.67 10 31 17 21

PCB Congener 105/132/153 Walleye 12 12 100.00 110 350 211 254
PCB Congener 118 Walleye 12 12 100.00 74 190 124 146
PCB Congener 126 Walleye 1 1 100.00 0.58 0.58 0.58 0.58
PCB Congener 169 Walleye 9 9 100.00 0.12 7 5 6
PCB Congener 77/110 Walleye 12 12 100.00 100 230 158 184
PCB Congener 81 Walleye 12 12 100.00 2 24 14 18

PCB Congener 105/132/153 Alewife 7 7 100.00 55 100 82 97
PCB Congener 118 Alewife 7 7 100.00 31 68 55 65
PCB Congener 77/110 Alewife 7 7 100.00 40 94 75 87
PCB Congener 81 Alewife 7 7 100.00 4 8 7 7

PCB Congener 105/132/153 Rainbow Smelt 20 20 100.00 12 54 31 36
PCB Congener 118 Rainbow Smelt 20 20 100.00 7 41 22 26
PCB Congener 77/110 Rainbow Smelt 20 20 100.00 9 66 30 36
PCB Congener 81 Rainbow Smelt 20 19 95.00 1 6 3 3



Table 6-31     Green Bay Bird Tissue Concentrations

Analyte Species Tissue

Number 
of 

Samples
Number of 

Detects

Detection 
Frequenc

y (%)
Detected 
Minimum

Detected 
Maximum Mean RME

Dioxins/Furans (µg/kg)
1,2,3,4,6,7,8-HPCDD Double Crested Cormorant egg 4 0
1,2,3,4,6,7,8-HPCDD Double Crested Cormorant whole 4 0
1,2,3,4,6,7,8-HPCDF Double Crested Cormorant egg 4 0
1,2,3,4,6,7,8-HPCDF Double Crested Cormorant whole 4 0
1,2,3,4,7,8,9-HPCDF Double Crested Cormorant egg 4 0
1,2,3,4,7,8,9-HPCDF Double Crested Cormorant whole 4 0
1,2,3,4,7,8-HXCDD Double Crested Cormorant egg 4 0
1,2,3,4,7,8-HXCDD Double Crested Cormorant whole 4 0
1,2,3,4,7,8-HXCDF Double Crested Cormorant egg 4 0
1,2,3,4,7,8-HXCDF Double Crested Cormorant whole 4 0
1,2,3,6,7,8-HXCDD Double Crested Cormorant egg 4 0
1,2,3,6,7,8-HXCDD Double Crested Cormorant whole 4 0
1,2,3,6,7,8-HXCDF Double Crested Cormorant egg 4 0
1,2,3,6,7,8-HXCDF Double Crested Cormorant whole 4 0
1,2,3,7,8,9-HXCDD Double Crested Cormorant egg 4 0
1,2,3,7,8,9-HXCDD Double Crested Cormorant whole 4 0
1,2,3,7,8,9-HXCDF Double Crested Cormorant egg 4 0
1,2,3,7,8,9-HXCDF Double Crested Cormorant whole 4 0
1,2,3,7,8-PECDD Double Crested Cormorant egg 4 0
1,2,3,7,8-PECDD Double Crested Cormorant whole 4 0
1,2,3,7,8-PECDF Double Crested Cormorant egg 4 0
1,2,3,7,8-PECDF Double Crested Cormorant whole 4 0
2,3,4,6,7,8-HXCDF Double Crested Cormorant egg 4 0
2,3,4,6,7,8-HXCDF Double Crested Cormorant whole 4 0
2,3,4,7,8-PECDF Double Crested Cormorant egg 4 0
2,3,4,7,8-PECDF Double Crested Cormorant whole 4 0
2,3,7,8-TCDD Double Crested Cormorant egg 4 1 25.00 2.02E-02 2.02E-02 1.19E-02 1.84E-02
2,3,7,8-TCDD Double Crested Cormorant whole 4 1 25.00 9.57E-03 9.57E-03 4.67E-03 8.51E-03
2,3,7,8-TCDF Double Crested Cormorant egg 4 0
2,3,7,8-TCDF Double Crested Cormorant whole 4 0
OCDD Double Crested Cormorant egg 4 0
OCDD Double Crested Cormorant whole 4 4 100.00 7.62E-02 2.14E-01 1.36E-01 2.14E-01
OCDF Double Crested Cormorant egg 4 0
OCDF Double Crested Cormorant whole 4 0



Table 6-31     Green Bay Bird Tissue Concentrations (Continued)

Analyte Species Tissue

Number 
of 

Samples
Number of 

Detects

Detection 
Frequenc

y (%)
Detected 
Minimum

Detected 
Maximum Mean RME

PCBs (ug/kg)
Total PCBs Double Crested Cormorant brain 5 5 100.00 1,900 6,000 3,700 5,307
Total PCBs Double Crested Cormorant egg 34 34 100.00 610 74,000 13,944 17,466
Total PCBs Double Crested Cormorant whole 126 125 99.21 62 63,000 8,581 9,734
Total PCBs Tree Swallow whole 15 15 100.00 1,200 4,500 2,980 3,495

Pesticides  (µg/kg)
Dieldrin Double Crested Cormorant brain 5 5 100.00 30 64 48 60
Dieldrin Double Crested Cormorant egg 34 32 94.12 39 1,300 224 292
Dieldrin Double Crested Cormorant whole 123 118 95.93 10 1,300 171 198
Dieldrin Tree Swallow whole 15 0
p,p-DDD Double Crested Cormorant brain 5 0
p,p-DDD Double Crested Cormorant egg 34 22 64.71 10 54 15 18
p,p-DDD Double Crested Cormorant whole 123 20 16.26 10 43 7 8
p,p-DDD Tree Swallow whole 15 3 20.00 12 13 7 8
p,p-DDE Double Crested Cormorant brain 5 5 100.00 410 670 534 643
p,p-DDE Double Crested Cormorant egg 34 34 100.00 170 11,000 4,132 4,950
p,p-DDE Double Crested Cormorant whole 123 123 100.00 69 11,000 2,309 2,601
p,p-DDE Tree Swallow whole 15 15 100.00 51 380 128 171
p,p-DDT Double Crested Cormorant brain 5 0
p,p-DDT Double Crested Cormorant egg 34 3 8.82 21 47 8 10
p,p-DDT Double Crested Cormorant whole 123 35 28.46 10 50 8 10
p,p-DDT Tree Swallow whole 15 0



Table 6-32     Total PCBs and PCB Congeners in Birds from Kidney Island, Green Bay 

Total PCBs and PCB Congeners in Common Tern Eggs from Kidney Island

Analyte
Number of 
Samples

Number 
of 

Detects

Detection 
Frequency 

(%)
Detected 
Minimum

Detected 
Maximum Mean RME

PCBs (µg/kg)
Total PCBs 6 6 100.00 4413.56 9010.85 5902.87 7266.85

PCB Congener 105 6 6 100.00 108.04 176.93 126.95 147.89
PCB Congener 118 12 12 100.00 351.40 688.58 441.94 500.52
PCB Congener 126 8 8 100.00 0.82 1.99 1.27 1.51
PCB Congener 169 8 7 87.50 0.07 0.16 0.25 0.16
PCB Congener 77 8 8 100.00 3.89 10.35 7.78 9.11
PCB Congener 81 8 8 100.00 0.64 1.44 0.92 1.11

Total PCBs and PCB Congeners in Forster's Tern Eggs from Kidney Island

Analyte
Number of 
Samples

Number 
of 

Detects

Detection 
Frequency 

(%)
Detected 
Minimum

Detected 
Maximum Mean RME

PCBs (µg/kg)
Total PCBs 6 6 100.00 4319.37 8091.70 5909.61 7092.86

PCB Congener 105 6 6 100.00 66 118 96.600 112.100
PCB Congener 118 10 10 100.00 199 421 327.847 363.698
PCB Congener 126 6 6 100.00 0 1 0.567 0.724
PCB Congener 169 8 4 50.00 0 1 0.734 0.796
PCB Congener 77 6 6 100.00 1 3 2.140 2.892
PCB Congener 81 6 6 100.00 0 1 0.809 1.094



Table 6-33    PCB Congeners in Birds from Green Bay 

Tree Swallows

Analyte Tissue
Number of 
Samples

Number of 
Detects

Detection 
Frequency 

(%)
Detected 
Minimum

Detected 
Maximum  Mean RME

PCBs (µg/kg)
PCB Congener 105 whole 15 15 100.00 16.00 61.00 37.80 44.18
PCB Congener 118/106 whole 15 15 100.00 42.00 120.00 85.93 97.11
PCB Congener 126 whole 15 8 53.33 0.26 0.69 0.28 0.39
PCB Congener 169 whole 15 0
PCB Congener 77 whole 15 1 6.67 1.30 1.30 0.13 0.28

Double-crested Cormorant Eggs

Analyte Tissue
Number of 
Samples

Number of 
Detects

Detection 
Frequency 

(%)
Detected 
Minimum

Detected 
Maximum  Mean RME

PCBs (µg/kg) and Dioxins/Furans (µg/kg)
2,3,7,8-TCDD egg 4 1 25.00 0.02 0.02 0.01 0.02
PCB Congener 105 egg 12 12 100.00 14 630 210.42 302.90
PCB Congener 118/106 egg 12 12 100.00 37 1600 550.92 783.34
PCB Congener 126 egg 12 11 91.67 0.23 2.3 1.14 1.51
PCB Congener 169 egg 12 5 41.67 0.1 0.4 0.12 0.17
PCB Congener 77 egg 12 9 75.00 1.4 2.3 1.30 1.71

Double-crested Cormorants

Analyte Tissue
Number of 
Samples

Number of 
Detects

Detection 
Frequency 

(%)
Detected 
Minimum

Detected 
Maximum Mean RME

PCBs (µg/kg) and Dioxins/Furans (µg/kg)
2,3,7,8-TCDD whole 4 1 25.00 0.01 0.01 0.005 0.01
PCB Congener 105 whole 68 68 100.00 1.4 530 108.98 130.45
PCB Congener 118/106 whole 68 68 100.00 4.2 1200 261.81 316.65
PCB Congener 126 whole 68 49 72.06 0.1 2.2 0.65 0.76
PCB Congener 169 whole 68 21 30.88 0.1 0.3 0.08 0.10
PCB Congener 77 whole 68 22 32.35 0.1 2 0.24 0.32



Table 6-34    Hazard Quotients in Whole Fish from Little Lake Buttes des Morts Reach

Hazard Quotients

Analyte Species
Number of 
Samples

Number 
of 

Detects

Detection 
Frequency 

(%)
Mean RME TRV Mean RME

Metals (mg/kg)
Arsenic Carp 11 2 18 0.50 0.15 0.50 1 0.30

Walleye 6 0

Lead Carp 9 0
Walleye 6 0

Mercury Carp 12 8 67 0.03 0.04 0.25 0.12 0.17
Walleye 7 7 100 0.04 0.06 0.25 0.18 0.26

Dioxins/Furans (µg/kg)
2,3,7,8-TCDD Carp 3 3 100 0.00025 0.00029 -- 1

Walleye 2 2 100 0.00045 0.00054 -- 1

2,3,7,8-TCDF Carp 3 3 100 0.0022 0.0025 -- 1

Walleye 3 3 100 0.0054 0.0062 -- 1

PCBs (µg/kg)
Ar1242 Carp 9 9 100 903 1393 750 1 2

Gizzard Shad 3 3 100 377 530 750 0.50 0.71

Total PCBs Carp 35 34 97 8909 12663 750 12 17
Gizzard Shad 4 4 100 296 530 750 0.39 0.71
Walleye 12 9 75 2478 3884 750 3 5
Yellow Perch 6 6 100 2018 2734 750 3 4

Pesticides  (µg/kg)
Dieldrin Carp 12 2 16.67 6.82 0.99 28000 0.00 0.00

Walleye 9 1 11.11 7 10 28000 0.00 0.00

p,p-DDD Carp 10 7 70.00 37 55 110 0.33 0.50
Walleye 8 1 12.50 26 42 110 0.24 0.38

p,p-DDE Carp 11 6 54.55 66 100 110 0.60 0.91
Walleye 9 4 44.44 52 72 110 0.47 0.66

p,p-DDT Carp 10 0
Walleye 8 0

NOTE:
1.  Risk from 2,3,7,8-TCDD and 2,3,7,8-TCDF were evaluated with the PCB congener data.



Table 6-35      PCB and Dioxin/Furan Congener Hazard Quotients in Whole Fish from Little Lake Buttes des Morts Reach

Hazard Quotients 1

Analyte Species
Number of 
Samples

Number of 
Detects

Detection 
Frequency 

(%)
Mean RME Mean TEC REM TEC

Mean 
NOEL

Mean 
LOEL

RME 
NOEL

RME 
LOEL

PCBs and Dioxins/Furans (µg/kg)
2,3,7,8-TCDD Carp 3 3 100 0.00025 0.00029 0.0003 0.0003
2,3,7,8-TCDF Carp 3 3 100 0.0022 0.0025 0.0001 0.0001
PCB Congener 105 Carp 5 5 100.00 10.09 23.42 0.0007 0.0016
PCB Congener 118 Carp 5 5 100.00 40.87 99.09 0.0029 0.0069
PCB Congener 126 Carp 5 1 20.00 0.11 0.03 0.0006 0.0001
PCB Congener 169 Carp 4 0
PCB Congener 77 Carp 5 5 100.00 2.55 5.73 0.0004 0.0009
PCB Congener 81/87/115 Carp 3 3 100.00 6.50 11.00 0.0036 0.0062

Total TCDD-Eq 0.01 0.02 0.21 0.10 0.39 0.19

2,3,7,8-TCDD Walleye 2 2 100 0.00045 0.00054 0.0005 0.0005
2,3,7,8-TCDF Walleye 3 3 100 0.0054 0.0062 0.0002 0.0002
PCB Congener 105 Walleye 5 5 100.00 9.50 15.22 0.0007 0.0011
PCB Congener 118 Walleye 7 7 100.00 35.09 49.62 0.0025 0.0035
PCB Congener 126 Walleye 5 4 80.00 0.10 0.08 0.0005 0.0004
PCB Congener 169 Walleye 5 0
PCB Congener 77 Walleye 5 5 100.00 2.72 4.72 0.0004 0.0008
PCB Congener 81/87/115 Walleye 4 4 100.00 16.78 22.00 0.0094 0.0123

Total TCDD-Eq 0.01 0.02 0.34 0.17 0.44 0.21

NOTES:

No TEF was provided by Walker and Peterson (1991) for PCB congener 81.  The default TEF for this congener came from Zabel et al. , 1995.
Criteria: TCDD-Eq NOEL = 41 ng/kg egg and TCDD-Eq LOEL = 84 ng/kg egg.

1  The mean and RME values in this table are based on whole body measurements.  For the purposes of estimating reproductive risks, 100% maternal transfer of PCB 
coneners to eggs was assumed.



Table 6-36    Hazard Quotients for Bird Tissues from Little Lake Butte des Morts Reach

Hazard Quotients

Analyte Species Tissue
Number of 
Samples

Number of 
Detects

Detection 
Frequency 

(%) Mean RME TRV Mean REM

PCBs (µg/kg)
Total PCBs Tree Swallow egg 5 5 100 2,924 3,732 3,300 0.89 1.13
Total PCBs Tree Swallow whole 24 24 100 2,135 2,797 -- -- --

Pesticides  (µg/kg)
Dieldrin Tree Swallow whole 18 0
p,p-DDD Tree Swallow whole 18 0
p,p-DDE Tree Swallow whole 18 18 100 155 208 3,500 1 0.04 0.06
p,p-DDT Tree Swallow whole 18 0

NOTE:
1  Whole tree swallows were compared to the DDE egg TRV because egg data was not available and whole bodies were assumed to be a conservative estimate.



Analyte
Number 

of 
Samples

Number 
of 

Detects

Detection 
Frequency 

(%)
Mean RME

Mean 
TEC

RME 
TEC

TRV NOEL LD20 LD30 NOEL LD20 LD30

PCBs (µg/kg)
PCB Congener 105 5 5 100.00 20.68 32.831 1.57E-04 2.50E-04
PCB Congener 118/106 5 5 100.00 85.20 108.077 3.15E-05 4.00E-05
PCB Congener 126 5 5 100.00 0.34 0.538 7.48E-03 1.18E-02
PCB Congener 169 5 1 20.00 0.08 0.144 3.76E-05 6.77E-05
PCB Congener 77 5 5 100.00 0.22 0.377 3.96E-06 6.78E-06

Total TCDD-Eq 0.0077 0.0122  1 1.1 0.04 0.02 1.74 0.06 0.04

NOTE:

RME Hazard QuotientsMean Hazard Quotients

1.  Criteria for hazard quotient calculations are: 0.007 µg/kg TCDD-Eq for NOEC, 0.191 µg/kg TCDD-Eq for LD20, and 0.308 µg/kg TCDD-Eq for LD30.

Table 6-37   PCB Congener Hazard Quotients for Tree Swallow Eggs from Little Lake Butte
                    des Morts Reach



Table 6-38   Total PCBs, Dioxins and Furans, and PCB Congener
                     Hazard Quotients for Mink Dietary Consumption from
                     Little Lake Butte des Morts Reach

RME Hazard Quotient Hazard Quotient
Analyte (µg/kg) Carp TEF TEC NOEL1 LOEL

PCBs 
   Total PCBs 12663 - - 844.20 17.59
   Ar 1242 1393 - - 92.87 1.93

Dioxins and Furans
    2,3,7,8-TCDD 0.00029 1 0.00029 0.15 -

 
   2,3,7,8-TCDF 0.00250 0.1 0.00025 0.13 -

PCB Congeners  
   PCB Congener 77 5.73 0.01 0.05730 30.16 -

 
   PCB Congener 81/87/114 11.00 - - - -

 
   PCB Congener 105 23.42 0.001 0.02342 12.33 -

 
   PCB Congener 118 99.09 0.001 0.09909 52.15 -

 
   PCB Congener 126 0.03 0.1 0.00300 1.58 -

 
   PCB Congener 169 ND 0.05 - - -

Total TCDD-Eq - - 0.18335 96.50 -

NOTES:
1.  Hazard quotient for TCDD-Eq/TEC represents the mean between the NOAEL and the LOAEL.
- data not available or not applicable



 Metals and Pesticide Concentrations
RME NOEL LOEL

Analyte RME Sediment Carp Sediment Total Dietary Hazard Hazard
Carp Conc. Conc. Ingestion Ingestion Ingestion Quotient Quotient

Metals (mg/kg)
   Arsenic 0.15 5 0.0285 0.025 0.0535 0.4246 0.0425

   Lead ND 180 - 0.9 0.9 7.1429 0.7143

   Mercury 0.04 1 0.0076 0.005 0.0126 0.0008 0.0001

Pesticides (ug/kg)
   Dieldrin 0.99 6 0.1881 0.03 0.2181 0.0242 0.0121

  p,p-DDE 100.18 2 19.0342 0.01 19.0442 0.0157 0.0016

  p,p-DDD 55.05 3 10.4595 0.015 10.4745 0.0087 0.0009

  p,p-DDT ND 8 - 0.04 0.04 3.31E-05 3.31E-06

NOTES:
ND - analyte analzed for but not detected (for Hazard Quotient computations, NDs are assumed to be zero)
- data not available or not applicable

Table 6-39    Metals and Pesticides Hazard Quotients for Mink Dietary
                     Consumption from Little Lake Butte des Morts Reach



Table 6-40    Hazard Quotients in Whole Fish from Appleton to Little Rapids Reach

Hazard Quotients

Analyte Species
Number of 
Samples

Number of 
Detects

Detection 
Frequency 

(%)
Mean RME TRV Mean RME

Metals (mg/kg)
Arsenic 0
Lead 0
Mercury 0

Dioxins/Furans (µg/kg)
2,3,7,8-TCDD 0
2,3,7,8-TCDF 0

PCBs (µg/kg)
Ar1242 Carp 5 5 100.00 2720 3555 750 4 5

Walleye 1 1 100.00 2400 2400 750 3 3

Total PCBs Carp 8 8 100.00 3754 5401 750 5 7
Walleye 1 1 100.00 3900 3900 750 5 5
Yellow Perch 3 3 100.00 2633 3500 750 4 5

Pesticides  (µg/kg)
p,p-DDD Carp 2 0

p,p-DDE Carp 2 0

p,p-DDT Carp 2 0



Table 6-41     Hazard Quotients for Bird Tissues from Appleton to Little Rapids Reach

Hazard Quotients

Analyte Species Tissue
Number of 
Samples

Number of 
Detects

Detection 
Frequency 

(%) Mean RME TRV Mean RME

Metals (mg/kg)
Mercury Bald Eagle kidney 1 1 100 1.40 1.40 2 0.70 0.70
Mercury Bald Eagle liver 1 1 100 1.40 1.40 2 0.70 0.70
Mercury Bald Eagle muscle 1 1 100 0.48 0.48 -- --

PCBs (µg/kg)
Total PCBs Bald Eagle egg 1 1 100 36,000 36,000 4,000/800 1  9/45  9/45
Total PCBs Bald Eagle muscle 1 0

Pesticides  (µg/kg)
Dieldrin Bald Eagle egg 1 1 100 70 70 100 0.70 0.70
Dieldrin Bald Eagle muscle 1 0
p,p-DDD Bald Eagle egg 1 1 100 160 160 1,167 2 0.14 0.14
p,p-DDD Bald Eagle muscle 1 0
p,p-DDE Bald Eagle egg 1 1 100 1,100 1,100 3,500 0.31 0.31
p,p-DDE Bald Eagle muscle 1 1 100 50 50 -- --
p,p-DDT Bald Eagle egg 1 0
p,p-DDT Bald Eagle muscle 1 0

NOTE:
1.  4,000 µg/kg is the NOEL TRV for reproductive impairment and 800 µg/kg is the LOEL TRV for deformities.
2.  TRV value estimated from DDE TRV and the application of DDT toxicity equivalent factors where 1 mg/kg DDT is assumed to be as toxic as 5 mg/kg 
DDD, or 15 mg/kg DDE.



RME Hazard Quotient Hazard Quotient
Structure Carp Conc NOEL LOEL

PCBs (µg/kg)
  Total PCBs 5,400.71 360.05 7.50
  Aroclor 1242 3,555.03 237.00 4.94

NOTE:
1.  The Appleton reach contained no applicable data for TCDD, TCDF, PCB 
congeners, metals or pesticides.  Consequently, no hazard quotients were 
derived for these constituents.

Table 6-42     PCB Hazard Quotients for Mink Dietary
                      Consumption from Appleton to
                      Little Rapids Reach 1



Table 6-43     Hazard Quotients in Whole Fish from Little Rapids to De Pere Reach

Hazard Quotients

Analyte Species
Number of 
Samples

Number of 
Detects

Detection 
Frequency 

(%)
Mean RME TRV Mean RME

Metals (mg/kg)
Arsenic 0
Lead 0
Mercury 0

Dioxins/Furans (µg/kg)
2,3,7,8-TCDD Carp 3 3 100.00 0.00055 0.00088 -- 1

Walleye 3 3 100.00 0.0008 0.00099 -- 1

2,3,7,8-TCDF Carp 3 3 100.00 0.00115 0.0017 -- 1

Walleye 3 3 100.00 0.0101 0.0132 -- 1

PCBs (ug/kg)
Ar1242 Carp 7 7 100.00 1,823 2,444 750 2 3

Total PCBs Carp 21 21 100.00 4,312 5,151 750 6 7
Walleye 3 3 100.00 3,742 4,587 750 5 6
Yellow Perch 1 1 100.00 1,600 1,600 750 2 2

Pesticides  (µg/kg)
Dieldrin Carp 5 0

Walleye 3 1 33.33 4 6 28,000 <0.001 <0.001
Yellow Perch 1 0

p,p-DDD Carp 6 4 66.67 19 34 110 0.17 0.31
Walleye 3 0
Yellow Perch 1 0

p,p-DDE Carp 6 6 100.00 109 185 110 1 2
Walleye 3 3 100.00 145 220 110 1 2
Yellow Perch 1 0

p,p-DDT Carp 6 0
Walleye 3 0
Yellow Perch 1 0

NOTE:
1.  Risk from 2,3,7,8-TCDD and 2,3,7,8-TCDF were evaluated with the PCB congener data



Table 6-44       PCB and Dioxin/Furan Congener Hazard Quotients in Whole Fish from Little Rapids to De Pere Reach

Hazard Quotients

Analyte Species
Number of 
Samples

Number 
of 

Detects

Detection 
Frequency 

(%)
Mean RME Mean TEC REM TEC

Mean 
NOEL

Mean 
LOEL

RME 
NOEL

RME 
LOEL

PCBs and Dioxins/Furans (µg/kg)
2,3,7,8-TCDD Carp 3 3 100.00 0.0006 0.0009 0.0006 0.0009
2,3,7,8-TCDF Carp 3 3 100.00 0.0011 0.0017 0.0003 0.0005
PCB Congener 105 Carp 3 3 100.00 7.98 14 0.0006 0.0010
PCB Congener 118 Carp 3 3 100.00 30.48 51 0.0021 0.0036
PCB Congener 126 Carp 3 2 66.67 0.06 0.10 0.0003 0.0005
PCB Congener 169 Carp 3 0
PCB Congener 77 Carp 3 3 100.00 0.72 1 0.0001 0.0002
PCB Congener 81/87/115 Carp 3 3 100.00 20.47 36 0.0115 0.0202

Total TCDD-Eq 0.0155 0.0268 0.38 0.18 0.65 0.32

2,3,7,8-TCDD Walleye 3 3 100.00 0.0008 0.0010 0.0008 0.0010
2,3,7,8-TCDF Walleye 3 3 100.00 0.010 0.013 0.0028 0.0037
PCB Congener 105 Walleye 3 3 100.00 32.26 40 0.0023 0.0028
PCB Congener 118 Walleye 3 3 100.00 83.35 98 0.0058 0.0069
PCB Congener 126 Walleye 3 3 100.00 0.30 0.41 0.0015 0.0020
PCB Congener 169 Walleye 3 0
PCB Congener 77 Walleye 3 3 100.00 5.29 7 0.0008 0.0012
PCB Congener 81/87/115 Walleye 3 3 100.00 68.67 88 0.0385 0.0493

Total TCDD-Eq 0.0525 0.0668 1 0.63 2 0.80

NOTE:
No TEF was provided by Walker and Peterson (1991) for PCB congener 81.  The default TEF for this congener came from Zabel et al. , 1995.



RME Hazard Quotient Hazard Quotient
Analyte (µg/kg) Carp TEF TEC NOEL1 LOEL

PCBs 
   Total PCBs 5151.31 - - 343.42 7.15
   Ar 1242 2443.61 - - 162.91 3.39

Dioxins and Furans
    2,3,7,8-TCDD 0.00088 1 0.00088 0.46 -

 
   2,3,7,8-TCDF 0.00170 0.1 0.00017 0.09 -

PCB Congeners  
   PCB Congener 77 1.38 0.01 0.01380 7.26 -

 
   PCB Congener 81/87/115 36.00 - - - -

 
   PCB Congener 105 14.15 0.001 0.01415 7.45 -

 
   PCB Congener 118 50.97 0.001 0.05097 26.83 -

 
   PCB Congener 126 0.10 0.1 0.01000 5.26 -

 
   PCB Congener 169 ND 0.05 - - -

Total TCDD-Eq - - 0.08997 47.35 -

NOTES:
1.  Hazard Quotient for TCDD-Eq/TEC represents the mean between the NOAEL and the LOAEL.
- data not available or not applicable.
ND - data analyzed but not detected (for Hazard Quotient computations, NDs are assumed to be zero).

Table 6-45     Total PCBs, Dioxins and Furans, and PCB Congener
                       Hazard Quotients for Mink Dietary Consumption from
                       Little Rapids to De Pere Reach



 Metals and Pesticide Concentrations
RME NOEL LOEL

Analyte RME Sediment Carp Sediment Total Dietary Hazard Hazard
Carp Conc. Conc. Ingestion Ingestion Ingestion Quotient Quotient

Metals (mg/kg)
   Arsenic - 6 - 0.03 - - -

   Lead - 308 - 1.54 - - -

   Mercury - 4 - 0.02 - - -

Pesticides (µg/kg)
   Dieldrin ND ND - - - - -

  p,p-DDE 184.78 8 35.1082 0.04 35.1482 0.0290 0.0029

  p,p-DDD 33.99 2 6.4581 0.01 6.4681 0.0053 0.0005

  p,p-DDT ND 11 - 0.055 0.055 4.55E-05 4.55E-06

NOTES:
ND - analyte analzed for but not detected (for HQ computation, NDs are assumed to be zero)
- data not available or not applicable

Table 6-46     Metals and Pesticides Hazard Quotients for Mink Dietary
                      Consumption from Little Rapids to De Pere Reach



Table 6-47     Hazard Quotients in Whole Fish from De Pere to Green Bay Reach

Hazard Quotients

Analyte Species
Number of 
Samples

Number of 
Detects

Detection 
Frequency 

(%)
Mean RME TRV Mean RME

Metals (mg/kg)
Arsenic Carp 16 0

Gizzard Shad 1 0
Walleye 12 0
Yellow Perch 1 0

Lead Carp 17 1 6 3 3 2.54 1 1
Gizzard Shad 1 0
Walleye 12 0
Yellow Perch 1 0

Mercury Carp 17 16 94 0.14 0.21 0.25 0.55 0.83
Gizzard Shad 1 0
Walleye 13 13 100 0.17 0.20 0.25 0.70 0.79
Yellow Perch 1 1 100 0.04 0.04 0.25 0.16 0.16

Dioxins/Furans (µg/kg)
2,3,7,8-TCDD Carp 5 5 100.00 0.00059 0.00122 -- 1

Walleye 4 4 100.00 0.00105 0.002 -- 1

2,3,7,8-TCDF Carp 4 4 100.00 0.00218 0.00443 -- 1

Walleye 3 3 100.00 0.0169 0.0194 -- 1

PCBs (µg/kg)
Ar1242 Carp 7 7 100.00 2414 3283 750 3 4

Emerald Shiners 5 5 100.00 2640 2860 750 4 4
Gizzard Shad 3 0

Total PCBs Alewife 24 24 100.00 2858 3159 750 4 4
Carp 66 66 100.00 12163 15247 750 16 20
Emerald Shiners 5 5 100.00 3520 3846 750 5 5
Gizzard Shad 22 22 100.00 2447 2866 750 3 4
Walleye 82 82 100.00 8625 9537 750 12 13
Yellow Perch 4 4 100.00 6525 8113 750 9 11

Pesticides  (µg/kg)



Table 6-47     Hazard Quotients in Whole Fish from De Pere to Green Bay Reach (Continued)

Hazard Quotients

Analyte Species
Number of 
Samples

Number of 
Detects

Detection 
Frequency 

(%)
Mean RME TRV Mean RME

Dieldrin Alewife 24 21 87.50 23 29 28000 0.00 0.00
Carp 46 24 52.17 18 22 28000 0.00 0.00
Gizzard Shad 19 14 73.68 9 12 28000 0.00 0.00
Walleye 67 63 94.03 54 65 28000 0.00 0.00
Yellow Perch 2 0

p,p-DDD Alewife 2 0
Carp 25 13 52.00 81 124 110 0.73 1
Gizzard Shad 1 0
Walleye 17 9 52.94 55 71 110 0.50 0.65
Yellow Perch 2 0

p,p-DDE Alewife 2 2 100.00 305 330 110 3 3
Carp 25 24 96.00 644 832 110 6 8
Gizzard Shad 1 0
Walleye 16 14 87.50 591 760 110 5 7
Yellow Perch 2 2 100.00 130 140 110 1 1

p,p-DDT Alewife 2 0
Carp 25 0
Gizzard Shad 1 0
Walleye 16 0
Yellow Perch 2 0

NOTE:
1.  Risk from 2,3,7,8-TCDD and 2,3,7,8-TCDF were evaluated with the PCB congener data.



Table 6-48     PCB and Dioxin/Furan Congener Hazard Quotients in Whole Fish from De Pere to Green Bay Reach

Hazard Quotients

Analyte Species
Number of 
Samples

Number 
of 

Detects

Detection 
Frequency 

(%)
RA Mean RME TEF Mean TEC REM TEC

Mean 
NOEL

Mean 
LOEL

RME 
NOEL

RME 
LOEL

PCBs and Dioxins/Furans (µg/kg)
2,3,7,8-TCDD Carp 5 5 100.00 0.001 0.001 1 0.0006 0.0012
2,3,7,8-TCDF Carp 4 4 100.00 0.002 0.004 0.028 0.0001 0.0001
PCB Congener 105 Carp 4 4 100.00 29 57 0.00007 0.0020 0.0040
PCB Congener 118 Carp 21 21 100.00 139 176 0.00007 0.0097 0.0123
PCB Congener 126 Carp 4 3 75.00 0.25 0.53 0.005 0.0013 0.0026
PCB Congener 169 Carp 6 2 33.33 0.26 0.57 0.000041 0.0000 0.0000
PCB Congener 77 Carp 4 4 100.00 2 3 0.00016 0.0004 0.0005
PCB Congener 81 Carp 21 21 100.00 16 20 0.00056 0.0087 0.0110

Total TCDD-Eq 1.03 0.02 0.03 0.56 0.27 0.78 0.38

2,3,7,8-TCDD Walleye 4 4 100.00 0.001 0.002 1 0.0011 0.0020
2,3,7,8-TCDF Walleye 3 3 100.00 0.017 0.019 0.028 0.0005 0.0005
PCB Congener 105 Walleye 10 10 100.00 51 63 0.00007 0.0036 0.0044
PCB Congener 118 Walleye 11 11 100.00 144 177 0.00007 0.0101 0.0124
PCB Congener 118 Walleye 25 25 100.00 186 225 0.00007 0.0130 0.0157
PCB Congener 126 Walleye 5 5 100.00 0.68 0.84 0.005 0.0034 0.0042
PCB Congener 169 Walleye 11 10 90.91 2 4 0.000041 0.0001 0.0002
PCB Congener 77 Walleye 5 5 100.00 8 9 0.00016 0.0013 0.0015
PCB Congener 81 Walleye 25 25 100.00 21 25 0.00056 0.0116 0.0139
PCB Congener 81 Walleye 2 2 100.00 0.95 0.96 0.00056 0.0005 0.0005

Total TCDD-Eq 1.03 0.03 0.04 0.84 0.41 1.04 0.51

PCB Congener 118 Alewife 11 11 100.00 69 79 0.00007 0.0048 0.0055
PCB Congener 81 Alewife 11 10 90.91 6 8 0.00056 0.0036 0.0043

Total TCDD-Eq 0.001 0.008 0.010 0.21 0.10 0.24 0.12

PCB Congener 118 Gizzard Shad 9 9 100.00 29 32 0.00007 0.0020 0.0023
PCB Congener 81 Gizzard Shad 9 9 100.00 4 4 0.00056 0.0021 0.0023

Total TCDD-Eq 0.001 0.004 0.005 0.10 0.05 0.11 0.05



Table 6-49     Hazard Quotients for Bird Tissues from DePere to Green Bay Reach

Hazard Quotients

Analyte Species Tissue
Number of 
Samples

Number of 
Detects

Detection 
Frequency 

(%) Mean RME TRV Mean RME

PCBs (µg/kg)
Total PCBs Tree Swallow whole 22 22 100.00 3,117.73 4,410.86 3,300 0.94 1.34

Pesticides  (µg/kg)
Dieldrin Tree Swallow whole 22 0
p,p-DDD Tree Swallow whole 22 3 13.64 6.09 7.13 -- --
p,p-DDE Tree Swallow whole 22 22 100.00 217.64 271.20 3,500 1 0.06 0.08

NOTE:
1.  Whole tree swallows were compared to the DDE egg TRV because egg data was not available and whole bodies were assumed 
to be a conservative estimate.



RME Hazard Quotient Hazard Quotient
Analyte (µg/kg) Carp TEF TEC NOEL1 LOEL

PCBs 
   Total PCBs 15246.56 - - 1016.44 21.18
   Ar 1242 3282.63 - - 218.84 4.56

Dioxins and Furans
    2,3,7,8-TCDD 0.00122 1 0.00122 0.64 -

 
   2,3,7,8-TCDF 0.00443 0.1 0.00044 0.23 -

PCB Congeners  
   PCB Congener 77 3.20 0.01 0.03200 16.84 -

 
   PCB Congener 81/85/115 19.64 - - - -

 
   PCB Congener 105 57.04 0.001 0.05704 30.02 -

 
   PCB Congener 118 176 0.001 0.17600 92.63 -

 
   PCB Congener 126 0.53 0.1 0.05300 27.89 -

 
   PCB Congener 169 0.57 0.05 0.02850 15.00 -

Total TCDD-Eq - - 0.34821 183.27 -

NOTES:
1.  Hazard Quotient for TCDD-Eq/TEC represents the mean between the NOAEL and the LOAEL.
- data not available or not applicable.

Table 6-50     Total PCBs, Dioxins and Furans, and PCB Congener
                       Hazard Quotients for Mink Dietary Consumption from
                       De Pere to Green Bay Reach



 Metals and Pesticide Concentrations
RME NOEL LOEL

Analyte RME Sediment Carp Sediment Total Dietary Hazard Hazard
Carp Conc. Conc. Ingestion Ingestion Ingestion Quotient Quotient

Metals (mg/kg)
   Arsenic ND 20 - 0.1 0.1 0.7937 0.0794

   Lead 3 90 0.57 0.45 1.0200 0.1275 0.0128

   Mercury 0.21 1 0.0399 0.005 0.0449 0.0028 0.0003

Pesticides (ug/kg)
   Dieldrin 21.85 0 4.1515 0 4.1515 0.4613 0.2306

  p,p-DDE 831.56 2 157.9964 0.01 158.0064 0.1306 0.0131

  p,p-DDD 123.96 3 23.5524 0.015 23.5674 0.0195 0.0019

  p,p-DDT ND ND - - - - -

NOTES:
ND - analyte analzed for but not detected (for Hazard Quotient computations, NDs are assumed to be zero).
- data not available or not applicable.

Table 6-51     Metals and Pesticides Hazard Quotients for Mink Dietary
                       Consumption from De Pere to Green Bay Reach



Table 6-52     Hazard Quotients in Whole Fish from Green Bay

Hazard Quotients

Analyte Species
Number of 
Samples

Number of 
Detects

Detection 
Frequency 

(%)
Mean RME TRV Mean RME

Metals (mg/kg)
Green Bay Zone 2

Arsenic Alewife 1 0
Carp 7 0
Yellow Perch 1 0

Lead Alewife 1 0
Carp 7 4 57.14 4 5 2.54 2 2
Yellow Perch 1 0

Mercury Alewife 1 1 100.00 0.09 0.09 0.25 0.36 0.36
Carp 7 7 100.00 0.17 0.21 0.25 0.68 0.83
Rainbow Smelt 4 4 100.00 0.03 0.04 0.25 0.13 0.14
Yellow Perch 1 1 100.00 0.03 0.03 0.25 0.12 0.12

Green Bay Zone 3A
Arsenic Alewife 2 0

Yellow Perch 1 0

Lead Alewife 2 0
Carp 1 1 100.00 5 5 2.54 2 2
Yellow Perch 1 0

Mercury Alewife 2 2 100.00 0.05 0.09 0.25 0.20 0.36
Carp 1 1 100.00 0.21 0.21 0.25 0.84 0.84
Rainbow Smelt 6 4 66.67 0.03 0.04 0.25 0.11 0.15
Yellow Perch 1 1 100.00 0.06 0.06 0.25 0.24 0.24



Table 6-52     Hazard Quotients in Whole Fish from Green Bay (Continued)

Hazard Quotients

Analyte Species
Number of 
Samples

Number of 
Detects

Detection 
Frequency 

(%)
Mean RME TRV Mean RME

Green Bay Zone 3B
Arsenic Alewife 1 0

Carp 2 0
Yellow Perch 1 0

Lead Alewife 1 0
Carp 3 2 66.67 4 5 2.54 2 2
Yellow Perch 1 0

Mercury Alewife 1 1 100.00 0.06 0.06 0.25 0.24 0.24
Carp 3 3 100.00 0.17 0.21 0.25 0.69 0.84
Yellow Perch 1 1 100.00 0.04 0.04 0.25 0.16 0.16

Green Bay Zone 3A
Total PCBs Alewife 38 38 100.00 1064 1325 750 1 2

Carp 15 15 100.00 3761 4943 750 5 7
Rainbow Smelt 52 51 98.08 569 641 750 0.76 0.85
Walleye 24 24 100.00 3969 4655 750 5 6
Yellow Perch 1 1 100.00 2900 2900 750 4 4

Green Bay Zone 3B
Total PCBs Alewife 15 15 100.00 2117 2472 750 3 3

Carp 18 18 100.00 8806 12751 750 12 17
Rainbow Smelt 40 40 100.00 733 818 750 0.98 1
Walleye 35 35 100.00 6009 7090 750 8 9
Yellow Perch 2 2 100.00 6400 7200 750 9 10



Table 6-52     Hazard Quotients in Whole Fish from Green Bay (Continued)

Hazard Quotients

Analyte Species
Number of 
Samples

Number of 
Detects

Detection 
Frequency 

(%)
Mean RME TRV Mean RME

Pesticides  (µg/kg)
Green Bay Zone 2

Dieldrin Alewife 74 70 94.59 21 25 28000 0.00 0.00
Carp 48 45 93.75 23 29 28000 0.00 0.00
Gizzard Shad 44 29 65.91 10 13 28000 0.00 0.00
Rainbow Smelt 62 58 93.55 7 8 28000 0.00 0.00
Walleye 62 62 100.00 32 37 28000 0.00 0.00
Yellow Perch 1 0

p,p-DDD Alewife 1 1 100.00 90 90 110 0.82 0.82
Carp 3 3 100.00 120 240 110 1.09 2.18
Gizzard Shad 15 0
Yellow Perch 1 0

p,p-DDE Alewife 1 1 100.00 630 630 110 5.73 5.73
Carp 1 1 100.00 180 180 110 2 2
Gizzard Shad 15 1 6.67 49 90 110 0.44 0.82
Rainbow Smelt 4 0
Yellow Perch 1 1 100.00 120 120 110 1 1

p,p-DDT Alewife 1 0
Carp 3 0
Gizzard Shad 15 0
Rainbow Smelt 4 0
Yellow Perch 1 0



Table 6-52     Hazard Quotients in Whole Fish from Green Bay (Continued)

Hazard Quotients

Analyte Species
Number of 
Samples

Number of 
Detects

Detection 
Frequency 

(%)
Mean RME TRV Mean RME

Green Bay Zone 3A
Dieldrin Alewife 38 36 94.74 21 24 28000 0.00 0.00

Carp 10 10 100.00 19 31 28000 0.00 0.00
Rainbow Smelt 52 43 82.69 14 16 28000 0.00 0.00
Walleye 20 20 100.00 43 53 28000 0.00 0.00
Yellow Perch 1 0

p,p-DDD Alewife 2 1 50.00 53 80 110 0.48 0.73
Rainbow Smelt 12 0
Yellow Perch 1 0

p,p-DDE Alewife 2 2 100.00 695 1000 110 6 9
Rainbow Smelt 12 2 16.67 30 36 110 0.27 0.33
Yellow Perch 1 1 100.00 180 180 110 2 2

p,p-DDT Alewife 2 2 100.00 75 100 110 0.68 0.91
Rainbow Smelt 12 0
Yellow Perch 1 0



Table 6-52     Hazard Quotients in Whole Fish from Green Bay (Continued)

Hazard Quotients

Analyte Species
Number of 
Samples

Number of 
Detects

Detection 
Frequency 

(%)
Mean RME TRV Mean RME

Green Bay Zone 3B
Dieldrin Alewife 15 14 93.33 20 25 28000 0.00 0.00

Carp 13 13 100.00 49 59 28000 0.00 0.00
Rainbow Smelt 40 40 100.00 15 17 28000 0.00 0.00
Walleye 24 24 100.00 59 67 28000 0.00 0.00
Yellow Perch 1 0

p,p-DDD Alewife 1 0
Carp 1 1 100.00 290 290 110 3 3
Yellow Perch 1 1 100.00 50 50 110 0.45 0.45

p,p-DDE Alewife 1 1 100.00 340 340 110 3 3
Carp 1 1 100.00 1900 1900 110 17 17
Yellow Perch 1 1 100.00 390 390 110 4 4

p,p-DDT Alewife 1 0
Carp 1 0
Yellow Perch 1 0

NOTE:
1.  Risk from 2,3,7,8-TCDD and 2,3,7,8-TCDF were evaluated with the PCB congener data



Table 6-53     PCB and Dioxin/Furan Congener Hazard Quotients in Whole Fish from Green Bay

Hazard Quotients

Analyte Species
Number of 
Samples

Number 
of 

Detects

Detection 
Frequency 

(%)
Mean RME Mean TEC REM TEC

Mean 
NOEL

Mean 
LOEL

RME 
NOEL

RME 
LOEL

PCBs and Dioxins/Furans (µg/kg)
Green Bay Zone 2

2,3,7,8-TCDD Carp 1 0 0.00
2,3,7,8-TCDF Carp 1 1 100.00 0.00002 0.00002 5.6E-07 5.6E-07
PCB Congener 118 Carp 45 45 100.00 151 178 0.0106 0.0124
PCB Congener 77/110 Carp 45 45 100.00 159 184 0.0254 0.0294
PCB Congener 81 Carp 45 44 97.78 17 19 0.0094 0.0108

Total TCDD-Eq 0.05 0.05 1 1 1 1

PCB Congener 105 Walleye 6 6 100.00 74 107 0.0052 0.0075
PCB Congener 118 Walleye 31 31 100.00 152 172 0.0107 0.0120
PCB Congener 126 Walleye 1 1 100.00 1 1 0.0057 0.0057
PCB Congener 169 Walleye 5 5 100.00 0.80 1 0.0000 0.0001
PCB Congener 77/110 Walleye 31 31 100.00 201 224 0.0322 0.0359
PCB Congener 81 Walleye 31 31 100.00 18 20 0.0101 0.0113

Total TCDD-Eq 0.06 0.07 2 1 2 1

PCB Congener 118 Alewife 35 35 100.00 66 88 0.0047 0.0061
PCB Congener 77/110 Alewife 35 35 100.00 101 128 0.0162 0.0205
PCB Congener 81 Alewife 35 34 97.14 7 9 0.0041 0.0053

Total TCDD-Eq 0.02 0.03 1 0.30 1 0.38

PCB Congener 118 Gizzard Shad 14 14 100.00 27 30 0.0019 0.0021
PCB Congener 77/110 Gizzard Shad 14 14 100.00 48 52 0.0076 0.0083
PCB Congener 81 Gizzard Shad 14 14 100.00 4 4 0.0021 0.0022

Total TCDD-Eq 0.01 0.01 0.28 0.14 0.31 0.15

PCB Congener 77/110 Rainbow Smelt 29 29 100.00 42 46 0.0067 0.0073
PCB Congener 81 Rainbow Smelt 29 29 100.00 4 4 0.0021 0.0023

Total TCDD-Eq 0.01 0.01 0.21 0.10 0.24 0.11



Table 6-53     PCB and Dioxin/Furan Congener Hazard Quotients in Whole Fish from Green Bay (Continued)

Hazard Quotients

Analyte Species
Number of 
Samples

Number 
of 

Detects

Detection 
Frequency 

(%)
Mean RME Mean TEC REM TEC

Mean 
NOEL

Mean 
LOEL

RME 
NOEL

RME 
LOEL

Green Bay Zone 3A
PCB Congener 105/132/153 Carp 10 10 100.00 126 187 0.0088 0.0131
PCB Congener 118 Carp 10 10 100.00 103 154 0.0072 0.0108
PCB Congener 77/110 Carp 10 10 100.00 109 160 0.0174 0.0256
PCB Congener 81 Carp 10 9 90.00 10 15 0.0054 0.0085

Total TCDD-Eq 0.04 0.06 1 0.46 1 1

PCB Congener 105/132/153 Walleye 10 10 100.00 173 215 0.0121 0.0151
PCB Congener 118 Walleye 10 10 100.00 108 137 0.0075 0.0096
PCB Congener 126 Walleye 2 2 100.00 0.82 0.93 0.0041 0.0047
PCB Congener 169 Walleye 5 5 100.00 1 2 0.0001 0.0001
PCB Congener 77/110 Walleye 10 10 100.00 144 191 0.0231 0.0305
PCB Congener 81 Walleye 10 9 90.00 13 16 0.0070 0.0092

Total TCDD-Eq 0.05 0.07 1 1 2 1

PCB Congener 105/132/153 Alewife 18 18 100.00 46 56 0.0032 0.0040
PCB Congener 118 Alewife 18 18 100.00 30 36 0.0021 0.0026
PCB Congener 77/110 Alewife 18 18 100.00 40 49 0.0063 0.0078
PCB Congener 81 Alewife 18 18 100.00 3 4 0.0019 0.0024

Total TCDD-Eq 0.01 0.02 0.33 0.16 0.41 0.20

PCB Congener 105/132/153 Rainbow Smelt 20 20 100.00 26 31 0.0018 0.0022
PCB Congener 118 Rainbow Smelt 20 20 100.00 18 21 0.0012 0.0015
PCB Congener 77/110 Rainbow Smelt 20 20 100.00 23 28 0.0036 0.0046
PCB Congener 81 Rainbow Smelt 20 20 100.00 3 3 0.0015 0.0017

Total TCDD-Eq 0.01 0.01 0.20 0.10 0.24 0.12



Table 6-53     PCB and Dioxin/Furan Congener Hazard Quotients in Whole Fish from Green Bay (Continued)

Hazard Quotients

Analyte Species
Number of 
Samples

Number 
of 

Detects

Detection 
Frequency 

(%)
Mean RME Mean TEC REM TEC

Mean 
NOEL

Mean 
LOEL

RME 
NOEL

RME 
LOEL

Green Bay Zone 3B
PCB Congener 105/132/153 Carp 12 12 100.00 232 267 0.0162 0.0187
PCB Congener 118 Carp 12 12 100.00 174 204 0.0122 0.0143
PCB Congener 77/110 Carp 12 12 100.00 194 229 0.0311 0.0366
PCB Congener 81 Carp 12 11 91.67 17 21 0.0095 0.0119

Total TCDD-Eq 0.07 0.08 2 1 2 1

PCB Congener 105/132/153 Walleye 12 12 100.00 211 254 0.0148 0.0178
PCB Congener 118 Walleye 10 10 100.00 399 536 0.0279 0.0375
PCB Congener 118 Walleye 12 12 100.00 124 146 0.0086 0.0102
PCB Congener 126 Walleye 1 1 100.00 0.58 0.58 0.0029 0.0029
PCB Congener 169 Walleye 9 9 100.00 5 6 0.0002 0.0002
PCB Congener 77 Walleye 1 1 100.00 5 5 0.0008 0.0008
PCB Congener 77/110 Walleye 12 12 100.00 158 184 0.0253 0.0295
PCB Congener 81 Walleye 12 12 100.00 14 18 0.0081 0.0100

Total TCDD-Eq 0.06 0.07 1 1 2 1

PCB Congener 105/132/153 Alewife 7 7 100.00 82 97 0.0057 0.0068
PCB Congener 118 Alewife 7 7 100.00 55 65 0.0039 0.0046
PCB Congener 77/110 Alewife 7 7 100.00 75 87 0.0120 0.0140
PCB Congener 81 Alewife 7 7 100.00 7 7 0.0036 0.0041

Total TCDD-Eq 0.03 0.03 1 0.30 1 0.35

PCB Congener 105/132/153 Rainbow Smelt 20 20 100.00 31 36 0.0022 0.0026
PCB Congener 118 Rainbow Smelt 20 20 100.00 22 26 0.0016 0.0018
PCB Congener 77/110 Rainbow Smelt 20 20 100.00 30 36 0.0048 0.0057
PCB Congener 81 Rainbow Smelt 20 19 95.00 3 3 0.0016 0.0018

Total TCDD-Eq 0.01 0.01 0.25 0.12 0.29 0.14



Table 6-54     Hazard Quotients for Total PCBs and PCB Congeners in Bird Tissues from Kidney Island, Green Bay

PCB Congeners in Common Tern Eggs from Kidney Island

Mean Hazard Quotient (HQ) RME Hazard Quotient (HQ)

Analyte

Number 
of 

Samples

Number 
of 

Detects

Detection 
Frequency 

(%)
Mean RME Mean TEC RME TEC TRV NOEL LOEL LD20 LD30 NOEL LOEL LD20 LD30

PCBs (µg/kg)
Total PCBs 6 6 100.00 5902.87 7266.85 4,000/800 1 1.48 7.38 1.82 9.08

PCB Congener 105 6 6 100.00 126.95 147.89 9.65E-04 1.12E-03
PCB Congener 118 12 12 100.00 441.94 500.52 1.64E-04 1.85E-04
PCB Congener 126 8 8 100.00 1.27 1.51 2.78E-02 3.32E-02
PCB Congener 169 8 7 87.50 0.25 0.16 1.19E-04 7.74E-05
PCB Congener 77 8 8 100.00 7.78 9.11 1.40E-04 1.64E-04
PCB Congener 81 8 8 100.00 0.92 1.11 1.75E-03 2.11E-03

Total TCDD-Eq 0.031 0.037  2 4.43 0.16 0.10 5.29 0.19 0.12

NOTES:
1.  4,000 µg/kg is the NOEL TRV for reproductive impairment and 800 µg/kg is the LOEL TRV for deformity
2.  Criteria for hazard quotient calculations are: 0.007 µg/kg TCDD-Eq for NOEC, 0.191 µg/kg TCDD-Eq for LD20, and 0.308 µg/kg TCDD-Eq for LD30

PCB Congeners in Forster's Tern Eggs from Kidney Island

Mean Hazard Quotient (HQ) RME Hazard Quotient (HQ)

Analyte

Number 
of 

Samples

Number 
of 

Detects

Detection 
Frequency 

(%)
Mean RME Mean TEC RME TEC TRV NOEL LOEL LD20 LD30 NOEL LOEL LD20 LD30

PCBs (µg/kg)
Total PCBs 6 6 100.00 5909.61 7092.86 4000/800 1 1.48 7.39 1.77 8.87

PCB Congener 105 6 6 100.00 96.60 112.10 7.34E-04 8.52E-04
PCB Congener 118 10 10 100.00 327.85 363.70 1.21E-04 1.35E-04
PCB Congener 126 6 6 100.00 0.57 0.72 1.25E-02 1.59E-02
PCB Congener 169 8 4 50.00 0.73 0.80 3.45E-04 3.74E-04
PCB Congener 77 6 6 100.00 2.14 2.89 3.85E-05 5.21E-05
PCB Congener 81 6 6 100.00 0.81 1.09 1.54E-03 2.08E-03

Total TCDD-Eq 0.015 0.019  2 2.14 0.08 0.05 2.71 0.10 0.06

NOTES:
1.  4,000 µg/kg is the NOEL TRV for reproductive impairment and 800 µg/kg is the LOEL TRV for deformity
2.  Criteria for hazard quotient calculations are: 0.007 µg/kg TCDD-Eq for NOEC, 0.191 µg/kg TCDD-Eq for LD20, and 0.308 µg/kg TCDD-Eq for LD30



Baseline Human Health and Ecological Risk Assessment

Ecological Risk Assessment 6-199

Table 6-55 Rates of Deformities in Double-crested Cormorant and
Caspian Tern Eggs and PCB Concentrations in Green Bay

Species Egg Status Total TEQs
Deformed Total PCBs

(%) (mg/kg)

Double-crested Cormorant dead 8.18 522 11

Double-crested Cormorant live 14.3 522 7

Caspian tern dead 7.0 383 10.7

Caspian tern live 5.5 383 10.7

Source:
Ludwig et al., 1996.



Table 6-56     Hazard Quotients in Bird Tissues from Green Bay

Hazard Quotients

Analyte Species Tissue
Number of 
Samples

Number of 
Detects Mean RME TRV Mean RME

Dioxins/Furans (µg/kg)
1,2,3,4,6,7,8-HPCDD Double Crested Cormorant egg 4 0
1,2,3,4,6,7,8-HPCDD Double Crested Cormorant whole 4 0
1,2,3,4,6,7,8-HPCDF Double Crested Cormorant egg 4 0
1,2,3,4,6,7,8-HPCDF Double Crested Cormorant whole 4 0
1,2,3,4,7,8,9-HPCDF Double Crested Cormorant egg 4 0
1,2,3,4,7,8,9-HPCDF Double Crested Cormorant whole 4 0
1,2,3,4,7,8-HXCDD Double Crested Cormorant egg 4 0
1,2,3,4,7,8-HXCDD Double Crested Cormorant whole 4 0
1,2,3,4,7,8-HXCDF Double Crested Cormorant egg 4 0
1,2,3,4,7,8-HXCDF Double Crested Cormorant whole 4 0
1,2,3,6,7,8-HXCDD Double Crested Cormorant egg 4 0
1,2,3,6,7,8-HXCDD Double Crested Cormorant whole 4 0
1,2,3,6,7,8-HXCDF Double Crested Cormorant egg 4 0
1,2,3,6,7,8-HXCDF Double Crested Cormorant whole 4 0
1,2,3,7,8,9-HXCDD Double Crested Cormorant egg 4 0
1,2,3,7,8,9-HXCDD Double Crested Cormorant whole 4 0
1,2,3,7,8,9-HXCDF Double Crested Cormorant egg 4 0
1,2,3,7,8,9-HXCDF Double Crested Cormorant whole 4 0
1,2,3,7,8-PECDD Double Crested Cormorant egg 4 0
1,2,3,7,8-PECDD Double Crested Cormorant whole 4 0
1,2,3,7,8-PECDF Double Crested Cormorant egg 4 0
1,2,3,7,8-PECDF Double Crested Cormorant whole 4 0
2,3,4,6,7,8-HXCDF Double Crested Cormorant egg 4 0
2,3,4,6,7,8-HXCDF Double Crested Cormorant whole 4 0
2,3,4,7,8-PECDF Double Crested Cormorant egg 4 0
2,3,4,7,8-PECDF Double Crested Cormorant whole 4 0
2,3,7,8-TCDD Double Crested Cormorant egg 4 1 0.0119 0.0184 -- 1 --
2,3,7,8-TCDD Double Crested Cormorant whole 4 1 0.0047 0.0085 -- 1 --
2,3,7,8-TCDF Double Crested Cormorant egg 4 0
2,3,7,8-TCDF Double Crested Cormorant whole 4 0
OCDD Double Crested Cormorant egg 4 0
OCDD Double Crested Cormorant whole 4 4 0.1361 0.2140 -- --
OCDF Double Crested Cormorant egg 4 0
OCDF Double Crested Cormorant whole 4 0



Table 6-56     Hazard Quotients in Bird Tissues from Green Bay (Continued)

Hazard Quotients

Analyte Species Tissue
Number of 
Samples

Number of 
Detects Mean RME TRV Mean RME

PCBs (µg/kg)
Total PCBs Double Crested Cormorant brain 5 5 3700.00 5306.80 -- --
Total PCBs Double Crested Cormorant egg 34 34 13944.41 17466.24 4,000/800 3 3.49/17.43 4.37/21.83
Total PCBs Double Crested Cormorant whole 126 125 8581.41 9734.01 -- --
Total PCBs Tree Swallow whole 15 15 2980.00 3494.77 3300 1.06

Pesticides  (µg/kg)
Dieldrin Double Crested Cormorant brain 5 5 48.20 60.45 1000 0.06
Dieldrin Double Crested Cormorant egg 34 32 223.71 291.91 100 2.92
Dieldrin Double Crested Cormorant whole 123 118 170.81 197.78 -- --
Dieldrin Tree Swallow whole 15 0
p,p-DDD Double Crested Cormorant brain 5 0
p,p-DDD Double Crested Cormorant egg 34 22 15.03 18.18 1167 2 0.02
p,p-DDD Double Crested Cormorant whole 123 20 6.84 7.62 -- --
p,p-DDD Tree Swallow whole 15 3 6.53 7.98 -- --
p,p-DDE Double Crested Cormorant brain 5 5 534.00 642.84 -- --
p,p-DDE Double Crested Cormorant egg 34 34 4132.35 4949.56 3500 1.41
p,p-DDE Double Crested Cormorant whole 123 123 2309.42 2601.03 -- --
p,p-DDE Tree Swallow whole 15 15 127.80 171.33 3500 0.09 1

p,p-DDT Double Crested Cormorant brain 5 0
p,p-DDT Double Crested Cormorant egg 34 3 7.56 10.08 233 2 0.04
p,p-DDT Double Crested Cormorant whole 123 35 8.46 9.54 -- --
p,p-DDT Tree Swallow whole 15 0

NOTES:
1.  Dioxin risk was calculated through the use of TEFs and is presented with the PCB congener risk calculation.

3.  4,000 µg/kg is the NOEL TRV for reproductive impairment and 800 µg/kg is the LOEL TRV for deformities.

2.  TRV value estimated from DDE TRV and the application of DDT toxicity equivalent factors where 1 mg/kg DDT is assumed to be as toxic as 5 mg/kg 
DDD, or 15 mg/kg DDE.



Table 6-57     Hazard Quotients for PCB Congeners in Bird Tissues from Green Bay

Tree Swallows

Mean Hazard Quotients RME Hazard Quotients

Analyte Tissue

Number 
of 

Samples

Number 
of 

Detects

Detection 
Frequency 

(%) Mean RME TEF Mean TEC RME TEC TRV NOEL LD20 LD30 NOEL LD20 LD30
PCBs (µg/kg) 
PCB Congener 105 whole 15 15 100.00 37.80 44.18 7.6E-06 2.87E-04 3.36E-04
PCB Congener 118/106 whole 15 15 100.00 85.93 97.11 3.7E-07 3.18E-05 3.59E-05
PCB Congener 126 whole 15 8 53.33 0.28 0.39 0.022 6.15E-03 8.66E-03
PCB Congener 169 whole 15 0
PCB Congener 77 whole 15 1 6.67 0.13 0.28 1.8E-05 2.40E-06 5.04E-06

Total TCDD-Eq 0.006 0.009  1 1.29 0.05 0.03 1.29 0.05 0.03

1.  Criteria for hazard quotient calculations are: 0.007 µg/kg TCDD-Eq for NOEC, 0.191 µg/kg TCDD-Eq for LD20, and 0.308 µg/kg TCDD-Eq for LD30

Double-Crested Cormorants

Mean Hazard Quotients RME Hazard Quotients

Analyte Tissue

Number 
of 

Samples

Number 
of 

Detects

Detection 
Frequency 

(%) Mean RME TEF Mean TEC RME TEC TRV NOEL LD20 LD30 NOEL LD20 LD30
PCBs (µg/kg) and Dioxins/Furans (µg/kg)
2,3,7,8-TCDD egg 4 1 25.00 0.01 0.02 1 1.19E-02 1.84E-02
PCB Congener 105 egg 12 12 100.00 210.42 302.90 7.6E-06 1.60E-03 2.30E-03
PCB Congener 118/106 egg 12 12 100.00 550.92 783.34 3.7E-07 2.04E-04 2.90E-04
PCB Congener 126 egg 12 11 91.67 1.14 1.51 0.022 2.50E-02 3.31E-02
PCB Congener 169 egg 12 5 41.67 0.12 0.17 0.00047 5.44E-05 8.13E-05
PCB Congener 77 egg 12 9 75.00 1.30 1.71 1.8E-05 2.33E-05 3.07E-05

Total TCDD-Eq 0.039 0.054  1 5.57 0.20 0.13 7.71 0.28 0.18

1.  Criteria for hazard quotient calculations are: 0.007 µg/kg TCDD-Eq for NOEC, 0.191 µg/kg TCDD-Eq for LD20, and 0.308 µg/kg TCDD-Eq for LD30

Double-Crested Cormorants

Mean Hazard Quotients RME Hazard Quotients

Analyte Tissue

Number 
of 

Samples

Number 
of 

Detects

Detection 
Frequency 

(%) Mean RME TEF Mean TEC RME TEC TRV NOEL LD20 LD30 NOEL LD20 LD30
PCBs (µg/kg) and Dioxins/Furans (µg/kg)
2,3,7,8-TCDD whole 4 1 25.00 0.005 0.01 1 4.67E-03 8.51E-03
PCB Congener 105 whole 68 68 100.00 108.98 130.45 7.6E-06 8.28E-04 9.91E-04
PCB Congener 118/106 whole 68 68 100.00 261.81 316.65 3.7E-07 9.69E-05 1.17E-04
PCB Congener 126 whole 68 49 72.06 0.65 0.76 0.022 1.43E-02 1.68E-02
PCB Congener 169 whole 68 21 30.88 0.08 0.10 0.00047 3.95E-05 4.53E-05
PCB Congener 77 whole 68 22 32.35 0.24 0.32 1.8E-05 4.26E-06 5.84E-06

Total TCDD-Eq 0.020 0.026  1 2.86 0.11 0.07 3.71 0.14 0.08

1.  Criteria for hazard quotient calculations are: 0.007 µg/kg TCDD-Eq for NOEC, 0.191 µg/kg TCDD-Eq for LD20, and 0.308 µg/kg TCDD-Eq for LD30



RME Hazard Quotient Hazard Quotient
Analyte (µg/kg) Carp TEF TEC NOEL1 LOEL

Green Bay Zone 2
PCBs 
   Total PCBs 8574.32 - - 571.62 11.91
    Aroclor 1242 - - - - -

Dioxins and Furans
    2,3,7,8-TCDD ND 1 - - -

 
   2,3,7,8-TCDF 0.00002 0.1 0.000002 0.001053 -

PCB Congeners  
   PCB Congener 77/110 183.60 0.01 1.83600 966.32 -

 
   PCB Congener 81 19.30 - - - -

 
   PCB Congener 105 - 0.001 - - -

 
   PCB Congener 118 177.53 0.001 0.17753 93.44 -

 
   PCB Congener 126 - 0.1 - - -

 
   PCB Congener 169 - 0.05 - - -

Total TCDD-Eq - - 2.01353 1059.75 -

Green Bay Zone 3A
PCBs 
   Total PCBs 4942.80 - - 329.52 6.87
    Aroclor 1242 - - - - -

PCB Congeners  
   PCB Congener 77/110 160.08 0.01 1.60080 842.53 -

 
   PCB Congener 81 15.24 - - - -

 
   PCB Congener 105/132/153 186.54 0.001 0.18654 98.18 -

 
   PCB Congener 118 153.58 0.001 0.15358 80.83 -

 
   PCB Congener 126 - 0.1 - - -

 
   PCB Congener 169 - 0.05 - - -

Total TCDD-Eq - - 1.94092 1021.54 -

Green Bay Zone 3B
PCBs 
   Total PCBs 12751.47 - - 850.10 17.71
    Aroclor 1242 - - - - -

PCB Congeners  
   PCB Congener 77/110 228.94 0.01 2.28940 1204.95 -

 
   PCB Congener 81 21.26 - - - -

 
   PCB Congener 105/132/153 266.68 0.001 0.26668 140.36 -

 
   PCB Congener 118 204.11 0.001 0.20411 107.43 -

 
   PCB Congener 126 - 0.1 - - -

 
   PCB Congener 169 - 0.05 - - -

Total TCDD-Eq - - 2.76019 1452.73 -

NOTES:
1.  Hazard Quotient for TCDD-Eq/TEC represents the mean between the NOAEL and the LOAEL
ND - analyte analzed for but not detected (for Hazard Quotient computations, NDs are assumed to be zero)
- data not available or not applicable

Table 6-58     Total PCBs, Dioxins and Furans, and PCB Congener
                       Hazard Quotients For Mink Dietary Consumption in
                       Green Bay



Table 6-59     Metals and Pesticides Hazard Quotients for 
                      Mink Dietary Consumption in Green Bay

 Metals and Pesticide Concentrations
RME NOEL LOEL

Analyte RME Sediment Fish Sediment Total Dietary Hazard Hazard
Carp Conc. Conc. Ingestion Ingestion Ingestion Quotient Quotient

Green Bay Zone 2
Metals (mg/kg)
   Arsenic ND - - - - - -

   Lead 4.91 - 0.9329 - 0.9329 0.1166 0.0117

   Mercury 0.21 - 0.0399 - 0.0399 0.0025 0.0002

Pesticides (ug/kg)
   Dieldrin 28.91 - 5.4929 - 5.4929 0.6103 0.3052

  p,p-DDE 180 - 34.2 - 34.2000 0.0283 0.0028

  p,p-DDD 240 - 45.6 - 45.6000 0.0377 0.0038

  p,p-DDT ND - - - - - -

Green Bay Zone 3A
Metals (mg/kg)
   Arsenic - - - - - - -

   Lead 5 - 0.95 - 0.9500 0.1188 0.0119

   Mercury 0.21 - 0.0399 - 0.0399 0.0025 0.0002

Pesticides (ug/kg)
   Dieldrin 31.09 - 5.9071 - 5.9071 0.6563 0.3282

  p,p-DDE - - - - - - -

  p,p-DDD - - - - - - -

  p,p-DDT - - - - - - -



Table 6-59     Metals and Pesticides Hazard Quotients for 
                      Mink Dietary Consumption in Green Bay (Continued)

 Metals and Pesticide Concentrations
RME NOEL LOEL

Analyte RME Sediment Fish Sediment Total Dietary Hazard Hazard
Carp Conc. Conc. Ingestion Ingestion Ingestion Quotient Quotient

Green Bay Zone 3B
Metals (mg/kg)
   Arsenic ND - - - - - -

   Lead 5 - 0.95 - 0.9500 0.1188 0.0119

   Mercury 0.21 - 0.0399 - 0.0399 0.0025 0.0002

Pesticides (ug/kg)
   Dieldrin 58.84 - 11.1796 - 11.1796 1.2422 0.6211

  p,p-DDE 1900 - 361 - 361.0000 0.2983 0.0298

  p,p-DDD 290 - 55.1 - 55.1000 0.0455 0.0046

  p,p-DDT ND - - - - - -

NOTES:
ND - analyte analzed for but not detected (for Hazard Quotient computation, NDs are assumed to be zero)
- data not available or not applicable



Table 60     Little Lake Butte des Morts Reach - Summary of RME Hazard Quotients 
Hazard Quotients

Analyte Endpoint   Species RME 
NOEL 
RME 

LOEL 
RME 

LD20 
RME

LD30 
RME 

   Water
Total PCBs (filtered) NOEL-reproduct., LOELsublethal zooplankton, macroinverts. 0.22 0.02
Total PCBs (unfiltered) NOEL-reproduct., LOELsublethal zooplankton, macroinverts. 0.47 0.05

   Sediment
Total PCBs (Io) survival, growth, sexual maturation Freshwater Amphipod 120
Ar 1242 survival, growth, sexual maturation Freshwater Amphipod 380
2,3,7,8-TCDD EPA sediment screening value 1
Dieldrin Federal Sediment Quality Criteria <0.01
p,p-DDD survival and growth benthic infauna 0.96
p,p-DDT survival and growth benthic infauna 5.69
Arsenic survival and growth benthic infauna 0.45
Lead survival and growth benthic infauna 5
Mercury survival and growth benthic infauna 7

   Fish
Total PCBs survival Carp 17
Total PCBs survival Gizzard Shad 0.71
Total PCBs survival Yellow Perch 4
Total PCBs survival Walleye 5
Ar 1242 survival Carp 2
Ar 1242 survival Gizzard Shad 0.71
Total TCDD-Eq sac fry mortality Carp 0.39 0.19
Total TCDD-Eq sac fry mortality Walleye 0.44 0.21
Dieldrin survival Carp <0.01
Dieldrin survival Walleye <0.01
p,p-DDD survival Carp 0.50
p,p-DDD survival Walleye 0.38
p,p-DDE survival Carp 0.91
p,p-DDE survival Walleye 0.66
Arsenic survival Carp 0.30
Mercury survival Carp 0.17
Mercury survival Walleye 0.26

   Birds
Total PCBs egg hatching success Tree Swallow 1.13
Total TCDD-Eq egg hatching success Tree Swallow 1.74 0.06 0.04
p,p-DDE productivity Tree Swallow 0.06

   Mink
Total PCBs reproduction and kit survival Mink 844 18
Ar 1242 reproduction and kit survival 93 1.93
Total TCDD-Eq reproduction 97
Dieldrin reproduction 0.024 0.012
p,p-DDD survival 0.009 0.0009
p,p-DDE survival 0.016 0.0016
Arsenic reproduction 0.42 0.043
Mercury reproduction 0.0008 0.0001

Io - indicated that interpolated grid areas for which "no values" existed were assumed to be zero
 - shaded values indicate hazard quotients greater than 10



Baseline Human Health and Ecological Risk Assessment

Ecological Risk Assessment 6-207

Table 6-61 Summary of BLRA Ecological Risk Assessment Results for Little Lake Butte des Morts

Assessment Endpoint
(What is being Constituent Risk Potential

protected?)

Risk Questions Range of RME 
HQ Values

1. Functioning water Are levels of site contaminants in Total PCBs 0.02 - 0.47 No
column invertebrate surface water sufficient to cause
communities. adverse alterations to the

functioning of water column
invertebrate communities?

2. Functioning benthic Are levels of site contaminants in Total PCBs 120 Yes
invertebrate sediment sufficient to cause adverse Aroclor 1242 380 Yes
communities alterations to the functioning of TCDD 1 No

benthic invertebrates communities? Arsenic 0.45 No
Mercury 7 Yes

Lead 5 Yes
Dieldrin 0 No

DDD 0.96 No
DDE ND No
DDT 5.69 No 1

3. Benthic fish survival Are levels of site contaminants Total PCBs 17 Yes
and reproduction sufficient to cause reproductive or Aroclor 1242 2 Yes

survival impairment to benthic TCDD-Eq 0.19 - 0.39 No
fish? Arsenic 0.3 No

Mercury 0.17 No
Lead ND No

Dieldrin 0 No
DDD 0.5 No
DDE 0.91 No
DDT ND No



Table 6-61 Summary of BLRA Ecological Risk Assessment Results for Little Lake Butte des Morts
(Continued)

Baseline Human Health and Ecological Risk Assessment

Assessment Endpoint
(What is being Constituent Risk Potential

protected?)

Risk Questions Range of RME 
HQ Values

Ecological Risk Assessment 6-208

4. Pelagial fish survival Are levels of site contaminants Total PCBs 0.71 - 5 Yes
and reproduction sufficient to cause reproductive or Aroclor 1242 0.71 No

survival impairment to pelagial TCDD-Eq 0.21 - 0.44 No
fish? Arsenic ND No

Lead ND No
Mercury 0.26 No
Dieldrin 0 No

DDD 0.38 No
DDE 0.66 No
DDT ND No

5. Insectivorous bird Are levels of site contaminants Total PCBs 1.13 Yes
survival and sufficient to cause toxic effects or TCDD-Eq 0.04 - 1.74 Yes
reproduction reproductive impairment to Dieldrin ND No

insectivorous birds? DDD ND No
DDE 0.06 No
DDT ND No

6. Piscivorous bird Are levels of site contaminants No Data
survival and sufficient to cause toxic effects or
reproduction reproductive impairment to

piscivorous birds?

7. Omnivorous bird Are levels of site contaminants No Data
survival and sufficient to cause toxic effects or
reproduction reproductive impairment to

omnivorous birds?



Table 6-61 Summary of BLRA Ecological Risk Assessment Results for Little Lake Butte des Morts
(Continued)

Baseline Human Health and Ecological Risk Assessment

Assessment Endpoint
(What is being Constituent Risk Potential

protected?)

Risk Questions Range of RME 
HQ Values

Ecological Risk Assessment 6-209

8. Piscivorous mammal Are levels of site contaminants Total PCBs 18 - 844 Yes
survival and sufficient to cause toxic effects or Aroclor 1242 1.93 - 93 Yes
reproduction reproductive impairment to TCDD-Eq 96.5 Yes

piscivorous mammals? Arsenic 0.043 - 0.42 No
Mercury 0.0001 - 0.0008 No

Lead ND No
Dieldrin 0.012 - 0.024 No

DDD 0.0009 - 0.009 No
DDE 0.0016 - 0.016 No
DDT ND No

NOTE:
ND - This constituent was not detected in the media analyzed.
1. Detected in less than 20 percent of all samples analyzed.



Table 6-62     Appleton to Little Rapids Reach - Summary of RME Hazard Quotients
Hazard Quotients

Analyte Endpoint   Species RME 
NOEL 
RME 

LOEL 
RME 

LD20 
RME

LD30 
RME 

   Water
Total PCBs (unfiltered) NOEL-reproduct., LOELsublethal zooplankton, macroinverts. 0.44 0.04

   Sediment
Total PCBs (Io) survival, growth, sexual maturation Freshwater Amphipod 16
Ar 1242 survival, growth, sexual maturation Freshwater Amphipod 1108
2,3,7,8-TCDD EPA sediment screening value 4
p,p-DDT survival and growth benthic infauna 9
Arsenic survival and growth benthic infauna 0.51
Lead survival and growth benthic infauna 7
Mercury survival and growth benthic infauna 17

   Fish
Total PCBs survival Carp 7
Total PCBs survival Walleye 5
Total PCBs survival Yellow Perch 5
Ar 1242 survival Carp 5
Ar 1242 survival Walleye 3

   Birds
Total PCBs reproductive impairment Bald Eagle 9
Total PCBs embryonic deformities 45
Dieldrin egg survival 0.70
p,p-DDD productivity 0.14
p,p-DDE productivity 0.31
Mercury reproductive impairment (based on kidney conc.) 0.70
Mercury reproductive impairment (based on liver conc.) 0.70

   Mink
Total PCBs reproduction and kit survival Mink 360 7.5
Ar 1242 reproduction and kit survival 237 4.94

Io - indicated that interpolated grid areas for which "no values" existed were assumed to be zero
 - shaded values indicate hazard quotients greater than 10



Baseline Human Health and Ecological Risk Assessment

Ecological Risk Assessment 6-211

Table 6-63 Summary of BLRA Ecological Risk Assessment Results for Appleton to Little Rapids 

Assessment Endpoint
(What is being Constituent Risk Potential

protected?)

Risk Questions Range of RME 
HQ Values

1. Functioning water Are levels of site contaminants in Total PCBs 0.04 - 0.44 No
column invertebrate surface water sufficient to cause
communities. adverse alterations to the

functioning of water column
invertebrate communities?

2. Functioning benthic Are levels of site contaminants in Total PCBs 16 Yes
invertebrate communities sediment sufficient to cause adverse Aroclor 1242 1108 Yes

alterations to the functioning of TCDD 4 Yes
benthic invertebrates communities? Arsenic 0.51 No

Mercury 17 Yes
Lead 7 Yes

Dieldrin ND Yes
DDD ND
DDE ND
DDT 9

3. Benthic fish survival Are levels of site contaminants Total PCBs 7 Yes
and reproduction sufficient to cause reproductive or Aroclor 1242 5 Yes

survival impairment to benthic fish? DDD ND No
DDE ND No
DDT ND No

4. Pelagial fish survival Are levels of site contaminants Total PCBs 5 Yes
and reproduction sufficient to cause reproductive or Aroclor 1242 3

survival impairment to pelagial
fish?



Table 6-63 Summary of BLRA Ecological Risk Assessment Results for Appleton to Little Rapids
(Continued)

Baseline Human Health and Ecological Risk Assessment

Assessment Endpoint
(What is being Constituent Risk Potential

protected?)

Risk Questions Range of RME 
HQ Values

Ecological Risk Assessment 6-212

5. Insectivorous bird Are levels of site contaminants No data
survival and reproduction sufficient to cause toxic effects or

reproductive impairment to 
insectivorous birds?

6. Piscivorous bird Are levels of site contaminants No Data
survival and reproduction sufficient to cause toxic effects or

reproductive impairment to
piscivorous birds?

7. Omnivorous bird Are levels of site contaminants Total PCBs 9 - 45 Yes
survival and reproduction sufficient to cause toxic effects or Mercury 0.7 No

reproductive impairment to Dieldrin 0.7 No
omnivorous birds? DDD 0.14 No

DDE 0.31 No
DDT ND No

8. Piscivorous mammal Are levels of site contaminants Total PCBs 7.5 - 360 Yes
survival and reproduction sufficient to cause toxic effects or Aroclor 1242 4.94 - 237 Yes

reproductive impairment to DDD ND No
piscivorous mammals? DDE ND No

DDT ND No

NOTE:
ND - This constituent was not detected in the media analyzed.



Table 6-64     Little Rapids to De Pere Reach - Summary of RME Hazard Quotients
Hazard Quotients

Analyte Endpoint   Species RME 
NOEL 
RME 

LOEL 
RME 

LD20 
RME

LD30 
RME 

   Water
Total PCBs (filtered) NOEL-reproduct., LOELsublethal zooplankton, macroinverts. 0.25 0.02
Total PCBs (unfiltered) NOEL-reproduct., LOELsublethal zooplankton, macroinverts. 0.71 0.07

   Sediment
Total PCBs (Io) survival, growth, sexual maturation Freshwater Amphipod 93
Ar 1242 survival, growth, sexual maturation Freshwater Amphipod 146
2,3,7,8-TCDD EPA sediment screening value 2
p,p-DDD survival and growth benthic infauna 0.51
p,p-DDE survival and growth benthic infauna 2
p,p-DDT survival and growth benthic infauna 8
Arsenic survival and growth benthic infauna 0.49
Lead survival and growth benthic infauna 9
Mercury survival and growth benthic infauna 24

   Fish
Total PCBs survival Carp 7
Total PCBs survival Yellow Perch 2
Total PCBs survival Walleye 6
Ar 1242 survival Carp 3
total TCDD-Eq sac fry survival Carp 0.65 0.32
total TCDD-Eq sac fry survival Walleye 2 0.80
Dieldrin survival Walleye 0
p,p-DDD survival Carp 0.31
p,p-DDE survival Carp 2
p,p-DDE survival Walleye 2

   Mink
Total PCBs reproduction and kit survival Mink 343 7
Ar 1242 reproduction and kit survival 163 3.39
total TCDD-Eq reproduction 47
p,p-DDD survival 0.0053 0.0005
p,p-DDE survival 0.029 0.003

 - shaded values indicate hazard quotients greater than 10



Baseline Human Health and Ecological Risk Assessment

Ecological Risk Assessment 6-214

Table 6-65 Summary of BLRA Ecological Risk Assessment Results for Little Rapids to DePere Reach

Assessment Endpoint
(What is being Constituent Risk Potential

protected?)

Risk Questions Range of RME
HQ Values

1. Functioning water Are levels of site contaminants in Total PCBs 0.02 - 0.71 No
column invertebrate surface water sufficient to cause
communities. adverse alterations to the

functioning of water column
invertebrate communities?

2. Functioning benthic Are levels of site contaminants in Total PCBs 93 Yes
invertebrate sediment sufficient to cause adverse Aroclor 1242 146 Yes
communities alterations to the functioning of TCDD-Eq 2 Yes

benthic invertebrates communities? Arsenic 0.49 No
Mercury 24 Yes

Lead 9 Yes
Dieldrin ND No

DDD 0.51 No
DDE 2 Yes
DDT 8 Yes

3. Benthic fish survival Are levels of site contaminants Total PCBs 7 Yes
and reproduction sufficient to cause reproductive or Aroclor 1242 3 Yes

survival impairment to benthic TCDD-Eq 0.32 - 0.65 No
fish? Dieldrin 0 No

DDD 0.31 No
DDE 2 Yes
DDT ND



Table 6-65 Summary of BLRA Ecological Risk Assessment Results for Little Rapids to De Pere Reach
(Continued)

Baseline Human Health and Ecological Risk Assessment

Assessment Endpoint
(What is being Constituent Risk Potential

protected?)

Risk Questions Range of RME
HQ Values

Ecological Risk Assessment 6-215

4. Pelagial fish survival Are levels of site contaminants Total PCBs 2 - 6 Yes
and reproduction sufficient to cause reproductive or TCDD-Eq 0.80 - 2 Yes

survival impairment to pelagial Dieldrin 0 No
fish? DDD ND No

DDE 2 Yes
DDT ND No

5. Insectivorous bird Are levels of site contaminants No Data
survival and sufficient to cause toxic effects or
reproduction reproductive impairment to 

insectivorous birds?

6. Piscivorous bird Are levels of site contaminants No Data
survival and sufficient to cause toxic effects or
reproduction reproductive impairment to

piscivorous birds?

7. Omnivorous bird Are levels of site contaminants No Data
survival and sufficient to cause toxic effects or
reproduction reproductive impairment to

omnivorous birds?

8. Piscivorous mammal Are levels of site contaminants Total PCBs 7 - 343 Yes
survival and sufficient to cause toxic effects or Aroclor 1242 3.39 - 163 Yes
reproduction reproductive impairment to TCDD-Eq 47 Yes

piscivorous mammals? Dieldrin ND No
DDD 0.0005 - 0.0053 No
DDE 0.0029 - 0.029 No
DDT ND No



Table 6-66     De Pere to Green Bay Reach - Summary of RME Hazard Quotients
Hazard Quotients

Analyte Endpoint   Species RME 
NOEL 
RME 

LOEL 
RME 

LD20 
RME

LD30 
RME 

   Water
Total PCBs (filtered) NOEL-reproduct., LOELsublethal zooplankton, macroinverts. 1.12 0.11

   Sediment
Total PCBs (Io) survival, growth, sexual maturation Freshwater Amphipod 85
Ar 1242 survival, growth, sexual maturation Freshwater Amphipod 154
p,p-DDD survival and growth benthic infauna 0.91
p,p-DDE survival and growth benthic infauna 0.54
Arsenic survival and growth benthic infauna 2
Lead survival and growth benthic infauna 3
Mercury survival and growth benthic infauna 7

   Fish
Total PCBs survival Alewife 4
Total PCBs survival Carp 20
Total PCBs survival Gizzard Shad 4
Total PCBs survival Emerald Shiners 5
Total PCBs survival Yellow Perch 11
Total PCBs survival Walleye 13
Ar 1242 survival Carp 4
Ar 1242 survival Emerald Shiners 4
Total TCDD-Eq sac fry survival Alewife 0.24 0.12
Total TCDD-Eq sac fry survival Carp 0.78 0.38
Total TCDD-Eq sac fry survival Gizzard Shad 0.11 0.05
Total TCDD-Eq sac fry survival Walleye 1.04 0.51
Dieldrin survival Alewife 0
Dieldrin survival Gizzard Shad 0
Dieldrin survival Walleye 0
p,p-DDD survival Carp 1
p,p-DDD survival Walleye 0.65
p,p-DDE survival Alewife 3
p,p-DDE survival Carp 8
p,p-DDE survival Walleye 7
p,p-DDE survival Yellow Perch 1
Lead egg growth, development, and morphology Carp 1
Mercury survival Carp 0.83
Mercury survival Walleye 0.79
Mercury survival Yellow Perch 0.16

   Birds
Total PCBs egg hatching success Tree Swallow 1.34
p,p-DDE productivity 0.08

   Mink
Total PCBs reproduction and kit survival Mink 1016 21
Ar 1242 reproduction and kit survival 218 4.56
Total TCDD-Eq reproduction 183
Dieldrin reproduction 0.461 0.231
p,p-DDD survival 0.020 0.0019
p,p-DDE survival 0.131 0.013
Lead reproduction 0.128 0.013
Mercury reproduction 0.0028 0.0003

Io - indicated that interpolated grid areas for which "no values" existed were assumed to be zero
 - shaded values indicate hazard quotients greater than 10



Baseline Human Health and Ecological Risk Assessment

Ecological Risk Assessment 6-217

Table 6-67 Summary of BLRA Ecological Risk Assessment Results for De Pere to Green Bay Reach

Assessment Endpoint
(What is being

protected?)

Risk Questions Constituent Range of HQ Values Risk Potential

1. Functioning water Are levels of site contaminants in Total PCBs 0.11 - 1.12 Yes
column invertebrate surface water sufficient to cause
communities. adverse alterations to the functioning

of water column invertebrate
communities?

2. Functioning benthic Are levels of site contaminants in Total PCBs 85 Yes
invertebrate communities sediment sufficient to cause adverse Aroclor 1242 154 Yes

alterations to the functioning of Arsenic 2 Yes
benthic invertebrates communities? Mercury 7 Yes

Lead 3 Yes
Dieldrin ND No

DDD 0.91 No
DDE 0.54 No
DDT ND No

3. Benthic fish survival Are levels of site contaminants Total PCBs 20 Yes
and reproduction sufficient to cause reproductive or Aroclor 1242 4 Yes

survival impairment to benthic fish? TCDD-Eq 0.38 - 0.78 No
Arsenic ND No
Mercury 0.83 No

Lead 1 Yes
DDD 1 Yes
DDE 8 Yes
DDT ND No



Table 6-67 Summary of BLRA Ecological Risk Assessment Results for De Pere to Green Bay Reach
(Continued)

Baseline Human Health and Ecological Risk Assessment

Assessment Endpoint
(What is being

protected?)

Risk Questions Constituent Range of HQ Values Risk Potential

Ecological Risk Assessment 6-218

4. Pelagial fish survival Are levels of site contaminants Total PCBs 4 - 13 Yes
and reproduction sufficient to cause reproductive or Aroclor 1242 4 Yes

survival impairment to pelagial fish? TCDD-Eq 0.05 - 1.04 Yes
Arsenic ND No
Lead ND No

Mercury 0.16 - 0.79 No
Dieldrin 0 No

DDD 0.65 No
DDE 1 - 7 Yes
DDT ND No

5. Insectivorous bird Are levels of site contaminants Total PCBs 1.34 Yes
survival and reproduction sufficient to cause toxic effects or Dieldrin ND No

reproductive impairment to DDE 0.08 No
insectivorous birds?

6. Piscivorous bird Are levels of site contaminants No Data
survival and reproduction sufficient to cause toxic effects or

reproductive impairment to
piscivorous birds?

7. Omnivorous bird Are levels of site contaminants No Data
survival and reproduction sufficient to cause toxic effects or

reproductive impairment to
omnivorous birds?



Table 6-67 Summary of BLRA Ecological Risk Assessment Results for De Pere to Green Bay Reach
(Continued)

Baseline Human Health and Ecological Risk Assessment

Assessment Endpoint
(What is being

protected?)

Risk Questions Constituent Range of HQ Values Risk Potential

Ecological Risk Assessment 6-219

8. Piscivorous mammal Are levels of site contaminants Total PCBs 21 - 1016 Yes
survival and reproduction sufficient to cause toxic effects or Aroclor 1242 4.56 - 218 Yes

reproductive impairment to TCDD-Eq 183 Yes
piscivorous mammals? Arsenic ND No

Mercury 0.003 - 0.0003 No
Lead 0.013 - 0.13 No

Dieldrin 0.23 - 0.46 No
DDD 0.019–0.020 No
DDE 0.013 - 0.13 No
DDT ND No

NOTE:
ND - This constituent was not detected in the media analyzed.



Table 6-68     Green Bay Zone 2 - Summary of RME Hazard Quotients
Hazard Quotients

Analyte Endpoint   Species RME 
NOEL 
RME 

LOEL 
RME 

LD20 
RME

LD30 
RME 

   Water
Total PCBs (filtered) NOEL-reproduct., LOELsublethal 0.13 0.01

   Sediment
Total PCBs (N) survival, growth, sexual maturation Freshwater Amphipod 19

   Fish
Total PCBs survival Alewife 4
Total PCBs survival Carp 11
Total PCBs survival Gizzard Shad 2
Total PCBs survival Rainbow Smelt 2
Total PCBs survival Walleye 9
Total PCBs survival Yellow Perch 11
total TCDD-Eq fry survival Alewife 1 0.38
total TCDD-Eq fry survival Carp 1 1
total TCDD-Eq fry survival Gizzard Shad 0.31 0.15
total TCDD-Eq fry survival Rainbow Smelt 0.24 0.11
total TCDD-Eq fry survival Walleye 2 1
Dieldrin survival Alewife <0.01
Dieldrin survival Carp <0.01
Dieldrin survival Gizzard Shad <0.01
Dieldrin survival Rainbow Smelt <0.01
Dieldrin survival Walleye <0.01
p,p-DDD survival Alewife 0.82
p,p-DDD survival Carp 2
p,p-DDE survival Alewife 5.73
p,p-DDE survival Carp 2
p,p-DDE survival Gizzard Shad 0.82
p,p-DDE survival Yellow Perch 1
Lead egg growth, develop., and morphology Carp 2
Mercury survival Alewife 0.36
Mercury survival Carp 0.83
Mercury survival Rainbow Smelt 0.14
Mercury survival Yellow Perch 0.12

   Mink
Total PCBs reproduction and kit survival Mink 572 12
total TCDD-Eq reproduction 1060
Dieldrin reproduction 0.610 0.305
p,p-DDD survival 0.038 0.004
p,p-DDE survival 0.028 0.003
Lead reproduction 0.117 0.012
Mercury reproduction 0.0025 0.0002

N - indicates that sediment data was not interpolated based on depth
 - shaded values indicate hazard quotients greater than 10



Table 6-69     Green Bay Zone 3A - Summary of RME Hazard Quotients
Hazard Quotients

Analyte Endpoint   Species RME 
NOEL 
RME 

LOEL 
RME 

LD20 
RME

LD30 
RME 

   Water
Total PCBs (filtered) NOEL-reproduct., LOEL-sublethal 0.05 <0.01

   Sediment
Total PCBs (N) survival, growth, sexual maturation Freshwater Amphipod 19

   Fish
Total PCBs survival Alewife 2
Total PCBs survival Carp 7
Total PCBs survival Rainbow Smelt 0.85
Total PCBs survival Walleye 6
Total PCBs survival Yellow Perch 4
total TCDD-Eq fry survival Alewife 0.41 0.20
total TCDD-Eq fry survival Carp 1 1
total TCDD-Eq fry survival Rainbow Smelt 0.24 0.12
total TCDD-Eq fry survival Walleye 2 1
Dieldrin survival Alewife <0.01
Dieldrin survival Carp <0.01
Dieldrin survival Rainbow Smelt <0.01
Dieldrin survival Walleye <0.01
p,p-DDD survival Alewife 0.73
p,p-DDE survival Alewife 9
p,p-DDE survival Walleye 0.33
p,p-DDE survival Yellow Perch 2
p,p-DDT survival Alewife 0.91
Lead egg growth, develop., and morphology Carp 2
Mercury survival Alewife 0.36
Mercury survival Carp 0.84
Mercury survival Rainbow Smelt 0.15
Mercury survival Yellow Perch 0.24

   Mink
Total PCBs reproduction and kit survival Mink 330 7
total TCDD-Eq reproduction 1022
Dieldrin reproduction 0.656 0.328
Lead reproduction 0.119 0.012
Mercury reproduction 0.0025 0.0002

N - indicates that sediment data was not interpolated based on depth
 - shaded values indicate hazard quotients greater than 10



Table 6-70     Green Bay Zone 3B - Summary of RME Hazard Quotients
Hazard Quotients

Analyte Endpoint   Species RME 
NOEL 
RME 

LOEL 
RME 

LD20 
RME

LD30 
RME 

   Water
Total PCBs (filtered) NOEL-reproduct., LOEL-sublethal 0.03 <0.01

   Sediment
Total PCBs (N) survival, growth, sexual maturation Freshwater Amphipod 21

   Fish
Total PCBs survival Alewife 3
Total PCBs survival Carp 17
Total PCBs survival Rainbow Smelt 1
Total PCBs survival Walleye 9
Total PCBs survival Yellow Perch 10
Total TCDD-Eq fry survival Alewife 0.72 0.35
Total TCDD-Eq fry survival Carp 2 1
Total TCDD-Eq fry survival Rainbow Smelt 0.29 0.14
Total TCDD-Eq fry survival Walleye 2 1
Dieldrin survival Alewife <0.01
Dieldrin survival Carp <0.01
Dieldrin survival Rainbow Smelt <0.01
Dieldrin survival Walleye <0.01
p,p-DDD survival Carp 3
p,p-DDD survival Yellow Perch 0.45
p,p-DDE survival Alewife 3
p,p-DDE survival Carp 17
p,p-DDE survival Yellow Perch 4
Lead egg growth, develop., and morphology Carp 2
Mercury survival Alewife 0.24
Mercury survival Carp 0.84
Mercury survival Yellow Perch 0.16

   Birds
Total TCDD-Eq egg deformity Common Tern 5.29 0.19 0.12
Total TCDD-Eq egg deformity Forster's Tern 2.71 0.1 0.06

   Mink
Total PCBs reproduction and kit survival Mink 850 18
Total TCDD-Eq reproduction 1453
Dieldrin reproduction 1.24 0.621
p,p-DDD survival 0.046 0.0046
p,p-DDE survival 0.298 0.030
Lead reproduction 0.119 0.012
Mercury reproduction 0.0025 0.0002

N - indicates that sediment data was not interpolated based on depth
 - shaded values indicate hazard quotients greater than 10



Table 6-71     Summary of RME Hazard Quotients for Birds in Green Bay
Hazard Quotients

Analyte Endpoint   
Tissue 
Type Species RME 

NOEL 
RME 

LOEL 
RME 

LD20 
RME

LD30 
RME 

   Birds
Total PCBs reproductive impairment egg Double Crested Cormorant 4.37
Total PCBs embryonic deformities egg Double Crested Cormorant 22
Total PCBs egg hatching success whole Tree Swallow 1.06
Total TCDD-Eq reproductive impairment-egg survival whole Double Crested Cormorant 3.71 0.14 0.08
Total TCDD-Eq egg deformity egg Double Crested Cormorant 7.71 0.28 0.18
Total TCDD-Eq reproductive impairment-egg survival whole Tree Swallow 1.29 0.05 0.03
Dieldrin survival brain Double Crested Cormorant 0.06
Dieldrin survival egg Double Crested Cormorant 2.92
p,p-DDD productivity egg Double Crested Cormorant 0.02
p,p-DDE productivity egg Double Crested Cormorant 1.41
p,p-DDE productivity whole Tree Swallow 0.05
p,p-DDT productivity egg Double Crested Cormorant 0.04

 - shaded values indicate hazard quotients greater than 10



Baseline Human Health and Ecological Risk Assessment

Ecological Risk Assessment 6-224

Table 6-72 Summary of BLRA Ecological Risk Assessment Results for Green Bay Zones 3A and 3B

Assessment Endpoint
(What is being Constituent Risk Potential

protected?)

Risk Questions Range of RME
HQ Values

1. Functioning water Are levels of site contaminants in Total PCBs 0.01 - 0.13 No
column invertebrate surface water sufficient to cause
communities. adverse alterations to the

functioning of water column
invertebrate communities?

2. Functioning benthic Are levels of site contaminants in Total PCBs 19 Yes
invertebrate communities sediment sufficient to cause adverse

alterations to the functioning of
benthic invertebrates communities?

3. Benthic fish survival Are levels of site contaminants Total PCBs 11 Yes
and reproduction sufficient to cause reproductive or TCDD-Eq 1 Yes

survival impairment to benthic fish? Arsenic 0 No
Mercury 0.83 No

Lead 2 Yes
Dieldrin 0 No

DDD 2 Yes
DDE 2 Yes
DDT 0 No

4. Pelagial fish survival Are levels of site contaminants Total PCBs 4 - 11 Yes
and reproduction sufficient to cause reproductive or TCDD-Eq 0.11 - 2 Yes

survival impairment to pelagial Arsenic ND No
fish? Lead ND No

Mercury 0.12 - 0.36 No
Dieldrin 0 No

DDD 0.82 No
DDE 0.82 - 5.73 Yes
DDT ND No



Table 6-72 Summary of BLRA Ecological Risk Assessment Results for Green Bay Zones 3A and 3B
(Continued)

Baseline Human Health and Ecological Risk Assessment

Assessment Endpoint
(What is being Constituent Risk Potential

protected?)

Risk Questions Range of RME
HQ Values

Ecological Risk Assessment 6-225

5. Insectivorous bird Are levels of site contaminants Total PCBs 1.06 Yes
survival and reproduction sufficient to cause toxic effects or TCDD-Eq 0.03 - 1.29 Yes

reproductive impairment to Dieldrin ND No
insectivorous birds? DDE 0.09 No

DDT ND No

6. Piscivorous bird Are levels of site contaminants Total PCBs 4.37 - 22 Yes
survival and reproduction sufficient to cause toxic effects or TCDD-Eq 0.06 - 7.71 Yes

reproductive impairment to Dieldrin 0.06 - 2.92 Yes
piscivorous birds? DDD 0.02 No

DDE 1.41 Yes
DDT 0.04 No

7. Omnivorous bird Are levels of site contaminants No Data
survival and reproduction sufficient to cause toxic effects or

reproductive impairment to
omnivorous birds?

8. Piscivorous mammal Are levels of site contaminants Total PCBs 12 - 572 Yes
survival and reproduction sufficient to cause toxic effects or TCDD-Eq 1060 Yes

reproductive impairment to Arsenic 0 No
piscivorous mammals? Mercury 0.0025 - 0.0002 No

Lead ND No
Dieldrin 0.305 - 0.610 No

DDD 0.004 - 0.04 No
DDE 0.003 - 0.03 No
DDT ND No

NOTE:
ND - This constituent was not detected in the media analyzed.
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Sediment Quality Thresholds7
The overall objective of the Fox River RI/FS is to determine risk-based corrective
actions that may be applied to contaminated sediments within the Lower Fox
River.  To that end, the BLRA in Chapters 5 and 6 defined the current (or
baseline) human health and ecological risks associated with the COPCs.
Furthermore, PCBs were identified as the principal risk driver to human health
and the environment.  In order to facilitate the selection of a remedy that will
result in a decrease in those risks, it is necessary to establish a link between levels
of PCBs toxic to human and ecological receptors, and the principal source of those
PCBs, the Fox River sediments.

The use of bioaccumulation models to set risk-based sediment cleanup goals has
become an established part of cleanup programs in the Great Lakes (Pelka, 1998).
In areas where contaminant concentrations in receptor species tissues are believed
to pose risk to ecological or human health (e.g., concentrations in excess of NOEL
or cancer risk factors of 10 ), the driving force in considering remediation of these-6

areas is the protection of receptors.  Accurate modeling of sediment quality
thresholds may be used to determine what are harmful levels of contaminants that
must be removed, what levels of those chemicals can be safely left behind, and
which remedial option offers the best risk reduction.

The Work Plan for Data Management, Remedial Investigation/Feasibility Study, and Risk
Assessment for the Lower Fox River identified the use of dynamic food web modeling
to establish risk relationships between sediment concentrations of nonionic
organic chemicals and concentrations of those compounds in fish tissue.  Called
sediment quality thresholds (SQTs), the objective of this section is to:

C Determine PCB sediment concentrations that would not result in
accumulations to fish tissues at levels that exceed acceptable human
health risk levels (>10 ).-5
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C Determine PCB sediment concentrations that would not result in
unacceptable risks to ecological receptors (e.g., NOEL, LOEL, EC20,
and EC30).

This section discusses the selection and development of the bioaccumulation
model used to establish SQTs, its calibration and validation, and applications in
developing SQTs.

7.1 Organic Contaminant Model Selection
Numerous aquatic food chain bioaccumulation models have been developed to
estimate transfer of hydrophobic contaminants from sediment and water to
aquatic biota.  The simplest of these models are the ratios of observed
concentrations of contaminants in target organisms to observed concentrations
of sediment or water concentrations (bioaccumulation accumulation factors
[BAFs], or biota/sediment accumulation factors [BSAFs]).  While simple in their
approach, BSAFs have been shown to provide reasonable accuracy in the
prediction of fish tissue concentrations in areas where the media data density is
high (Boese and Lee, 1992).  BSAFs have been used to establish cleanup goals for
Saginaw River, Michigan and Manistique Harbor, Michigan (Pelka, 1998).
However, BSAFs are limited in that they are specific to the system and organisms
they were developed for, they cannot be used to predict contaminant uptake and
distribution through the food chain, and have limited applicability to predict fish
concentrations under future conditions.

Uptake models that predict the movement of contaminants from sediments into
and through a given food web are often termed bioenergetic models (Boese and
Lee, 1992).  Bioenergetic models are relatively more mathematically sophisticated,
and require a good deal of understanding of the ecology of the given study system.
However, when constructed properly, these models have higher utility in
accurately predicting contaminant distribution (Pelka, 1998).  Examples of these
models include the bioconcentration models of Vieth et al. (1979), Gobas (1993),
the models for PCB bioaccumulation in Great Lakes food chains by Thomann
(1989) and Thomann and Connolly (1984), the equilibrium partitioning method
for biomagnification of organic chemicals in benthic organisms (Bierman, 1990),
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the summary of methods defined by Clarke and McFarland (1991), and the
fugacity-based model of PCB bioaccumulation by Camfens and Mackay (1997).

The model selected for development for the Lower Fox River was that of Gobas
(1993) for several reasons:

C The model was developed for Great Lakes food chains and has been
previously validated using both Lake Ontario and Green Bay PCB/food-
web data.

C EPA made extensive use of the Gobas model to derive bioaccumulation
factors, bioconcentration factors, and food chain multipliers for the
Great Lakes Water Quality Initiative (GLWQI) criteria (EPA, 1993b,
1994a).

C The Gobas model was used in the 1996 RI/FS for the Lower Fox River
and found to yield reasonably good results between predicted and
measured fish tissue PCB concentrations (GAS/SAIC, 1996).

C The Ecological Risk Assessment for the Sheboygan River, Wisconsin
utilized a modified version of the Gobas model and also found
reasonable similarity between predicted and measured PCB levels in fish
(personal communication with Jay Field of NOAA, 1998).

The Gobas model has seen the most widespread use in the Great Lakes area.  In
1993, Gobas introduced the model by modeling a food-web in Lake Ontario.  He
compared predicted levels of PCBs in a Lake Ontario food-web to published
observed data (Oliver and Niimi, 1988), and found that predicted versus observed
PCBs were within a factor of 5 for all organisms.  The model was particularly
accurate in determining PCB levels in higher trophic levels, where predicted levels
of PCBs versus observed differed by less than a factor of 2 for all fish.

Both the Gobas model, and an analogous model constructed by Thomann have
gained general scientific acceptance and are now being used in scientific and
regulatory applications to predict concentrations of hydrophobic organic
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contaminants in aquatic food webs (Burkhard, 1998).  The Thomann model
(Thomann et al., 1989, 1991) has been used to describe the bioaccumulation of
PCBs in Hudson River ecosystems.  Burkhard (1998) recently reviewed the
predictive capabilities of these two models compared to field collected fish data
from Lake Ontario and concluded that the Gobas model provided slightly better
predictions.

The 1993 Gobas model assumes that equilibrium steady-states exist between
water and plankton, and between sediment and benthic invertebrates.  Lipid-
normalized phytoplankton and zooplankton concentrations are estimated to equal
organic carbon-normalized water concentrations.  Lipid-normalized benthic
invertebrate concentrations are estimated to equal organic carbon-normalized
sediment concentrations.  Nonequilibrium steady-state concentrations in fish are
calculated through a mass-balance considering contaminant uptake from diet and
gill ventilation and loss through gill ventilation, egestion, metabolic breakdown,
and dilution by growth.  The model allows for a probabilistic approach to
estimating contaminant concentrations using Monte Carlo simulation with
varying chemical properties and environmental conditions.

Since 1993, several improvements/additions to the Gobas model have been
suggested, including a time-dependent response to changes in PCB levels (Gobas
et al., 1995) which incorporated age classes to organism properties.  In 1996, a
more sophisticated model to describe bioaccumulation of PCBs in zooplankton
and benthic invertebrates was suggested by Morrison (Morrison et al., 1996).
This improvement modeled zooplankton and benthic invertebrate
bioaccumulation by considering PCB intake from diet (by filter feeding and
consumption of detritus) and gill ventilation and loss through gill ventilation,
egestion, metabolic breakdown, and dilution by growth.  A verification of an
entire aquatic food web using the 1993 Gobas model and improved zooplankton
and benthic invertebrate model was published in 1997 (Morrison, 1997).  All
verification attempts found estimated concentrations of PCBs typically fell well
within an order of magnitude of observed results.
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7.1.1 Model Description
The Gobas model mathematically describes a food web that includes an uptake
route through water to phytoplankton and zooplankton, as well as from sediments
through benthic infauna.  These primary prey form the basis for predation and
bioaccumulation through user-specified trophic layers.  This section briefly
presents the equations taken from Gobas (1993), with appropriate modifications,
used to describe uptake and bioconcentration.

Phytoplankton and Zooplankton
Phytoplankton and zooplankton contaminant concentrations are assumed to be
in chemical equilibrium with bioavailable concentrations in water.  This
concentration is determined by using a simple partitioning equation.  First, the
bioavailable concentration of contaminant in water is calculated by the following
equation.

and

where:

f = fraction of the contaminant that is freely distributed in the waterd

(dimension less)
SS = concentration of suspended solids in total water (kg/L)tw

OC = concentration of organic carbon in suspended solids (g/g)ss

K = organic carbon/water (freely dissolved basis) partition coefficient forow

the chemical (dimension less)
C = total concentration of the contaminant in the water (g/kg), andtw

C = freely dissolved concentration of the contaminant in the water (g/kg)fdw
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(3)

(4)

(5)

The simple equation partitioning freely dissolved contaminants between plankton
(both phytoplankton and zooplankton) and water is determined by the K  of theow

contaminant.  The ratio of the lipid-normalized concentration of contaminant in
phytoplankton and zooplankton to the bioavailable concentration of contaminant
in water is equivalent to the K  of the contaminant.ow

where:

C = concentration of contaminant in phytoplankton or zooplankton (g/kg)p

L = fraction of lipid in phytoplankton or zooplankton (kg/kg)p

Therefore,

Benthic Invertebrates
Benthic invertebrate contaminant concentrations are assumed to be in chemical
equilibrium with sediment.  A simple partitioning equation assumes the
contaminant concentration in benthic organisms, corrected for their lipid
concentration, is equivalent to the contaminant concentration in the sediment,
corrected for organic carbon content.

where:

C = concentration of contaminant in benthic invertebrates (g/kg)b

L = fraction of lipid in benthic invertebrates (kg/kg)b

C = chemical concentration in sediment (g/kg)sed

OC = fraction of organic carbon in sediment (g/g)sed
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(6)

(7)

(8)

Therefore,

Fish
Bioaccumulation in fish is described by Gobas in a steady-state equation in which
contaminant uptake through gill ventilation and diet are set equal to contaminant
elimination due to gill ventilation, egestion, metabolic breakdown, and dilution
through growth.  The contaminant uptake is calculated by the following equation:

where:

k = gill uptake rate constant (L / kg × day)1

C = freely dissolved concentration of the contaminant in the water (g/kg)fdw

k = dietary uptake rate constant (kg food / kg fish / day)d

C = concentration of contaminant in the diet (g/kg)d

The concentration of contaminant in the diet for a species is calculated by
proportioning the concentration of contaminant in each consumed species by the
fraction the species represents it represents in the diet.  This is represented
mathematically by the formula

where:

x = fraction of fish’s diet represented by component i (dimension less) (thei

sum of all x  for a species equals 1)i

C = concentration of contaminant in component i (g/kg)di

Contaminant elimination is calculated by the following equation:
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(9)

(10)

(11)

where:

k = gill elimination rate constant ( 1/day)2

k = egestion rate constant (kg feces/kg fish/day)e

k = metabolic transformation rate (1/day)m

k = growth rate (1/day)g

C = concentration of contaminant in the fish (g/kg)f

Setting contaminant uptake (C ) equal to elimination (C ) resultsf (uptake) f (elimination)

in the following equation:

The concentration of contaminant in the fish can then be calculated by:

Rate constants for the LFR bioaccumulation model are calculated using the
equations identified in the 1994 version of the Gobas model.

7.1.2 Objectives of the Food Web Model
Creation of an independent LFR bioaccumulation model utilizing the 1993 Gobas
model as the base was prompted by a number of reasons including:

C To develop a reversible model that could calculate sediment
concentrations based on fish tissue

C To allow as inputs site-specific parameters, including observed
sediment/water relationships
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C To allow for increased flexibility in adding different organisms and
multiple growth stages to the model (the 1994 model was limited to
two plankton organisms, three benthic organisms, and five fish)

C To increase the options for forward and backward probabilistic
assessments using Monte Carlo simulations

C To allow for electronic upload of data (the 1994 model saved a record
of input and output data, but didn’t allow for electronic upload of data
into the model)

C To allow for corrections/modifications to be made to calculation
formulas

The development of the Lower Fox River bioaccumulation model applies the
original Gobas model equations to the management of total PCBs and PCB
congeners in ecosystems by introducing a reversible version of the model.
Reversible, in this context, is defined as the ability to predict sediment
concentrations from a given fish tissue concentration.  In the past,
bioaccumulation models have been used to calculate fish tissue concentrations in
order to determine the ratio of tissue to sediment contaminant concentrations,
called the biota sediment accumulation factors (BSAFs).  BSAFs were then used
to back-calculate sediment concentrations for selected fish tissue concentrations
(Boese and Lee, 1992; Pelka, 1998).  This approach is valid, provided the BSAF
does not vary with sediment contaminant concentrations.  Constant BSAFs are
found when model assumptions define a simple, linear relationship between
sediment and water contaminant concentrations, or when water concentrations
are set so low as to contribute negligible contaminant loading to fish.  An
additional limiting factor is that use of BSAFs precludes the use of probabilistic
modeling.

Additional modifications were also made to the model in order to more accurately
depict food web dynamics, relative to the 1996 Lower Fox River RA (GAS/SAIC
1996).  This included a comprehensive review of the Lower Fox River and
southern Green Bay food webs, prey species, percent composition of diets of
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various predator species, and lipid contents of the prey and predators of the
system.

In addition to the reversible mechanics of the original Gobas model, the
development of the Lower Fox River bioaccumulation model sought to expand the
existing probabilistic features of the model.  An electronic version of the Gobas
model, created in August 1994 (available through the Internet at
www.rem.sfu.ca/era/overview.html [fc.zip]) included a Monte Carlo simulation
with the option to vary chemical properties and environmental conditions.  This
1994 version of the model is presumed to assume normal or log-normal
distributions of data based on mean and standard deviation data.  Building the
Lower Fox River bioaccumulation model using the original Gobas equations
includes the option of data being described by distributions other than normal,
and allow for dietary composition to vary, a feature not built into the 1994
version.

Finally, additional modifications to the original model were warranted in order to
facilitate data inputs to the model, as well as to incorporate changes/updates to
the original mathematical formula used to estimate uptake.  These are discussed
in more detail below.

Methodology
Development of a Lower Fox River bioaccumulation model started with a review
of the 1994 model available through the Internet.  By referencing the 1993 Gobas
article and the help screen of the 1994 model, the Gobas equations were created
in a Microsoft Excel 98  spreadsheet.  This platform was selected because its open®

architecture and widespread use.  In addition, the selection of Microsoft Excel 98®

allows for the use of available add-on packages, such as @RISK , to allow for®

probabilistic simulations.

Following development of the Lower Fox River bioaccumulation model, the
accuracy was tested to confirm that results matched those calculated by the 1994
Gobas model.  First, the data from the 1994 model tutorial was used during the
development.  Each component of the study version output was compared to the
output from the 1994 model to assure precise agreement.  In addition, two
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electronic copies of input from a previous use of the 1994 model on the Fox River
(the 1996 ERA) were copied into the study model, and the outputs were
compared to those generated by the 1994 model.  Precise agreement to several
significant figures was achieved for all comparisons.

To add probabilistic capabilities, the @RISK program was added to analyze
uncertainty in the Lower Fox River bioaccumulation model.  @RISK is an add-on
to Excel that runs Monte Carlo simulations from a user-defined spreadsheet.
Users also identify the output variables to be analyzed.  For each iteration of the
Monte Carlo simulation, @RISK randomly selects input values using the selected
distribution, notes the value of selected output variables, and writes the results to
a separate file.

The reversible version of the Lower Fox River bioaccumulation model was created
after the forward version was completed and verified.  The reversible version
requires input of the same chemical and environmental properties required in the
1994 Gobas version.  Instead of requiring input of the sediment and total water
contaminant concentrations, the reversible Lower Fox River bioaccumulation
model allows for input of the contaminant concentration in any compartment,
including sediment, water, freely available contaminant in water, or any tissue.
Calculations of contaminants in the reversible Lower Fox River bioaccumulation
model use the same equations as those used in the 1994 Gobas version, with one
exception; because of the reversible calculations, the concentration of contaminant
in water and sediment must be mathematically related.  This would be true of any
reversible bioaccumulation models that includes a complex food web and
contaminant uptake from both water and sediments.

An equation relating PCB concentrations in water and sediment that was
considered for the reversible Lower Fox River bioaccumulation model was taken
from Burkhard (1998).  Based on analytical data for Lake Ontario, he suggests the
ratio of PCB concentrations can be described by the following equation:
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(13)

(14)

Using this formula to calculate a freely dissolved concentration of PCB in water
using Fox River parameters and back-calculating the total concentrations of PCB
in water using equations (1) and (2) results in a ratio of the total PCB
concentration in sediment to the total PCB concentration in water of
approximately 1 × 10 .6

A review of historical data reveals that this ratio is not in agreement with what has
been observed in the Fox River.  Table 7-1 presents a summary of the available
total sediment and total water results from analysis of total PCBs for the Fox
River for four areas in 1989/90 and one area in 1994/95.  A review of the ratios
of the medians calculated for the areas reveals that the sediment to water ratio
ranges from 5 × 10  to 3.49 × 10 , with a combined ratio calculated to 1.48 ×4 5

10 .  In order to allow for site-specific inputs of sediment-to-water ratios5

(Equation 13), the original Gobas model was modified to allow direct input of the
observed ratio, and to allow for probabilistic variance of this parameter, if desired.
Site-specific values were used during the model validation process.  To derive the
SQT for the entire river, equation 13 was used

The key to creating the reversible version of the Lower Fox River bioaccumulation
model is to organize the collection of equations used to describe the partitioning
and bioaccumulation of contaminants and to solve them as a system.  The
fugacity-based model of PCB bioaccumulation by Camfens and Mackay (1997)
served as a blueprint for the organization used in the reversible Lower Fox River
bioaccumulation model.  To reduce the complexity of the mathematics, equation
(11) was simplified to the following:

where:
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(15)

(16)

(17)

(18)

(19)

(20)

As indicated in equation (8), C  represents a summation of organismd

concentrations proportioned by the dietary composition of the species.  In a food
web made up of one plankton, one benthic organism, and two fish, C  wouldd

expand out to the following equations.

Substituting equation (17) into equation (14), where W, D, and C  for the firstf

fish are represented as W , D , and C , the rearranged equation is as follows:1 1 f1

The substitution of both equations (17) and (18) into equation (14) can be
represented as a matrix with the following structure:

To apply this matrix approach to other equations, simplify the equations using
the following steps:
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(21)

(22)

(23)

(24)

(25)

(26)

(27)

(28)

Substitute equation (2) into equation (1) and simplify to get:

where:

Combining equations (1), (2), and (13) yields:

where:

Equation (4) can be simplified to:

where:

Combining equations (23) and (6) yields:

where:



1 0 0 0 0 0

0 1 0 0 0 0

0 0 1 0 0 0

0 0 0 1 0 0

0 0 & xp1 & xb1 (1/D1&1)(xf11 & xf21

0 0 & xp2 & xb2 &xf12 (1/D2&1)(xf22

(

Ctw

Csed

Cp

Cb

Cf1

Cf2

'

A1

A2

A3

A4

W1 /D1

W2 /D2

( Cfdw

Baseline Human Health and Ecological Risk Assessment

Sediment Quality Thresholds 7-15

(29)

The equations describing contaminants in water (21) and sediment (23) and the
bioconcentration of contaminants in plankton (25) and benthic (27) organisms
can be combined with equation (20), resulting in the following matrix:

Equation (30) represents the entire distribution of contaminants throughout the
defined ecosystem.  If the food web is defined, and all chemical data,
environmental data, and rate constants are known, there are seven potential
unknowns—the seven contaminant concentrations.  Since there are six equations,
if one concentration is known, the equations can be expanded out and solved for
the six remaining unknowns through successive substitution.  The addition of
each organism to the food web adds one additional unknown and one additional
equation to the system resulting in a system that remains solvable.

Unfortunately, the mathematics of the substitution calculations are very
complicated if the known concentration is one of the organisms described by the
bioaccumulation (e.g., C  or C ) equation.  This is due to the fact that thef1 f2

mathematic relationship between a bioaccumulated concentration and the
concentration in water or sediment is not a simple ratio.  The complexity of
substitution is best demonstrated by a simplistic example.

Consider that the contaminant concentration in Fish A is a function of intake
through diet.  The model allows for intake through consumption of multiple prey
items.  If two prey items are consumed by Fish A (Fish B and Fish C), the
contribution of each to the contaminant concentrations in Fish A is a function of
the contribution from Fish B and Fish C.  This can be represented by the
equation:
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(30)

(31)

(32)

(33)

where:

C = concentration of contaminant in Fish Aa

C = concentration of contaminant in Fish Bb

C = concentration of contaminant in Fish Cc

The concentrations of contaminant in Fish B and Fish C are both functions of
contaminant concentrations in sediment, represented by the equations:

and

where:

u = known factor
v = known factor
C = concentration of contaminant in sedimentsed

If C  is known, both C  and C  can be immediately calculated.  C  can in turn besed b c a

calculated from C  and C .  Each level of calculations can be carried outb c

independent of the higher trophic level calculations.  However, if C  is known, anda

C  is unknown.  The three equations (with three unknowns: C , C , and C )sed b c sed

represent a more complex but still solvable system.  The PCB concentration (C )sed

can be calculated substituting equations (31) and (32) into equation (30) and
solving for C .sed
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In a more complex model (where there are more trophic levels and multiple
factors contributing to PCB concentration) the mathematics become very
complex.  In essence, all equations must be combined into one equation solving
for the sediment level in terms of the receptor equation.

Instead of using successive substitution, the reversible LFR bioaccumulation
employs the Gauss-Jordan elimination technique for solving the system of
equations.  This technique uses addition and multiplication steps to solve for the
unknowns by reducing the system to the reduced row echelon form where the
solution for each unknown is available on inspection.  The technique requires that
the right-hand side of equation should equal a value (rather than including an
unknown variable).  Equation (29) is currently set up assuming C  is known.  Tofwd

change the system to solve for another unknown requires switching the location
of C  and its coefficient matrix with the known concentration and its coefficientfwd

matrix.  For example, if C  is known, equation (29) would be modified as follows:f1

The reversible Lower Fox River bioaccumulation program uses a three-step process
to solve the bioaccumulation systems described above:

C Step 1 requires the user to input environmental data and identify the
organisms that are part of the food web; a visual basic program creates
a food web matrix.

C Step 2 requires the user to input the dietary composition of each
organism in the food web; a visual basic program creates a matrix based
on the food web and the other contaminant compartments in the
system.
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C Step 3 requires the user to identify a known concentration; a visual
basic program modifies the matrix, as required, and applies the Gauss-
Jordan elimination technique to solve for the unknown concentrations.

The reversible Lower Fox River bioaccumulation model results in a Microsoft
Excel workbook that can be used both deterministically or probabilistically.
Because of its open architecture, formulas for calculating rate constants can be
changed, and there is no limitation to the number of organisms/life stages to be
modeled.  Any input variables can be changed, including environmental data,
feeding preferences, and the known concentration, with an immediate calculation
of the unknown concentrations.  To probabilistically assess the bioaccumulation
model, distributions can be assigned to specific input variables, and a Monte
Carlo simulation determines the range of outputs.  The addition or elimination
of organisms for the food web, or the selection of a different concentration to be
the known concentration requires the initial visual basic macros to be rerun.

7.1.3 Lower Fox River Food Web Review and Dietary

Assignments
The next step in improving the predictive abilities of the Lower Fox River
bioaccumulation model was to more accurately reflect food web interactions using
information on populations in the river and Green Bay.  A key assumption of the
previous RA for the Lower Fox River was that food web was principally based on
sediment-dwelling insects (GAS/SAIC, 1996).  In 1996, the benthic invertebrates
selected for modeling included oligochaetes and chironomids, based upon their
predominance in previous benthic analyses done within the Fox River system
(WDNR, 1993), and on the work by Call et al. (1991).  The mayfly Hexagenia was
included in the modeling was based upon mayfly presence in both the reference
sites for the WDNR study (Caenis sp.) and the Call et al. (1991) study
(Hexagenia).

Carp was selected as the forage fish species based upon the fact that it is the most
abundant species found within the Fox River system.  In addition, carp PCB body
burden data were measured as part of the mass balance study, and information
concerning size, lipid content, and diet were available.  Carp were assigned
oligochaetes and chironomids as principle forage, but also assigned a smaller
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fraction of mayflies and zooplankton.  Walleye were selected as the top
piscivorous species, based upon relative abundance, their importance to Fox River
anglers, and availability of data for modeling.  A second key assumption of the
1996 model was that yellow perch are the preferred prey species for walleye (Ney,
1978; Ryder and Kerr, 1978).  In the 1996 model, yellow perch fed
predominantly on benthic invertebrates (Ney, 1978), while walleye fed principally
on yellow perch, small carp, and a smaller fraction of emergent Hexagenia larvae.

While the 1996 food web model provided a reasonable degree of accuracy in
predicting fish tissue concentrations, it was necessary to reexamine the food web
relationships for use in the Lower Fox River bioaccumulation model for two
principle reasons:

C The 1996 food web does not accurately reflect predator/prey
relationships in the river and Green Bay.

C The 1996 food web used single point values for percent diet, percent
lipids, and weights of organisms.  Ranges of these parameters are
necessary in order to run probabilistic contaminant uptake estimates.

The revised food web used in the Lower Fox River bioaccumulation model is
presented on Figure 7-1.  The principal changes from the 1996 food web model
is the shift from principally a benthic-based food chain, to a more balanced web
that includes both benthic and pelagic uptake routes.  In addition, other fish
species (e.g., alewife, gizzard shad) and year classes for yellow perch, alewife, and
carp were added.  While the dietary assignments in the model for carp and perch
remained principally the same, the assigned walleye diet is now composed of
alewife, rainbow smelt, gizzard shad, and emerald shiner.  These dietary
assignments were based upon a stomach content analysis for walleye in lower
Green Bay (Magnuson and Smith, 1987), as well as discussions and data supplied
by WDNR fisheries biologists (T. Lychwick, B. Boronow, B. Bolanger, personal
communication).  An additional change to the Lower Fox River food web was the
exclusion of Hexagenia, as it is generally not found in the Lower Fox River and
Green Bay (WDNR, 1995).
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Once the food web was identified, a literature search was conducted to develop
a range values for diet composition (species and percent prey based on weight or
volume of prey), weight, and lipid content.  The range of values are presented in
Table 7-2.  Mean or median values were derived from those same references to use
in the model calibration.  Those values, along with the physical parameters (e.g.,
total PCB molecular weight, percent TOC) are presented in Table 7-3.

7.2 Model Implementation

7.2.1 Model Validation 
As previously discussed, the accuracy of the equations in the Lower Fox River
bioaccumulation model was confirmed against demonstration input and output
supplied with Gobas’ 1994 Windows -based model, and against data and output®

from the 1996 Fox River ERA (GAS/SAIC, 1996).

The validation for the Lower Fox River bioaccumulation model was run using site-
specific total PCB data for sediments, and then comparing those results to actual
measured fish concentrations for three of the four river segments; Little Lake
Butte des Morts, Little Rapids to De Pere, and De Pere to Green Bay.  There were
only sufficient data for these three sites to validate the model.

The model evaluation metrics that were used to determine if the Lower Fox River
bioaccumulation model was an effective tool for estimating SQTs for the FS were
those developed by the WDNR in cooperation with the Fox River Group of
Companies (Limno-Tech, 1998).  That document adapts the model development
goal of the Green Bay Mass Balance Study which was to achieve agreement of
±30 percent between model predictions and observations for water and sediment,
and ±½ order of magnitude for fish.

The physical input parameters are listed in Table 7-3, and for each reach used site-
specific values for sediment:water ratios, total organic carbon, and total PCBs
concentrations.  The total PCB surface sediment concentration used were the
same as those used for the risk assessment; the mean of all measured values (N),
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and the range of the model-interpolated area-wide total PCB concentrations (I ,0

I ).d

The Lower Fox River bioaccumulation model output by was compared to the
mean and 95% UCL whole fish tissue concentrations collected by reach are shown
in Table 7-4.  The starting sediment concentrations are boxed and bolded.  The
predicted values for each reach and starting sediment concentration can be then
compared to the observed values.

In all model efforts, the predicted water concentrations within the river met the
criterion of ±30 percent for all reaches.  This is an expected result, given that the
sediment:water ratio is a site-specific input to the model.  With the exception of
gizzard shad within Little Lake Butte des Morts, the observed fish tissue
concentrations met the criterion of ±½ order of magnitude, and generally were
in excellent agreement with observed results.  This is especially true for the De
Pere to Green Bay reach, where the range of sediment values bracketed both the
observed fish total PCB Mean and 95% UCL.  As indicated, gizzard shad
concentrations were poorly predicted in Little Lake Butte des Mortes, but were
in near perfect agreement with observed results for the De Pere to Green Bay
reach.  It is not clear why the model failed for this single species in Little Lake
Butte des Morts, but it may be a function of the limited sample size in the lake
(n = 4) versus that of the river mouth segment (n = 22).

Based upon these observed/predicted results compared to the model evaluation
metrics, the Lower Fox River bioaccumulation model is judged suitable for use in
estimating SQT concentrations within the Lower Fox River.

7.2.2 Determination of Sediment Quality Thresholds

Human Health Sediment Quality Thresholds
To determine SQTs associated with the protection of human health, fish
consumption limits were derived from the Great Lakes Sport Fish Consumption
Advisory (GLSFA, 1993).  This protocol is used by the WDNR for the Fish
Consumption Advisory currently in place for the Lower Fox River and Green Bay.
Unrestricted fish consumption has been identified as an RAO for the river.  For
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unrestricted consumption (at a 10  health risk), the GLSFC advisory is based-4

upon consuming no more than 50 Fg/kg of total PCBs in fish fillets.

Table 7-5 shows the unlimited consumption (column 1), and the additional
advisory levels from the GLSFA.  Table 7-5A shows the whole body
concentrations of carp, yellow perch and walleye that would not exceed the
advisory threshold.  To calculate SQTs the would result in less than 50 Fg/kg in
fish fillets for game fish (as represented by carp, yellow perch and walleye) on the
Lower Fox River, it was first necessary to convert the fillet concentrations to
whole body concentrations.  This was accomplished by dividing the GLSFA
advisory level by a fillet-to-whole body ratio.  For carp, a ratio of 0.7 was derived
from the FRDB, while ratios for walleye and perch were those Parkerton et al.
(1993).  While there were synoptic fillet/whole body measurements made from
walleye by WDNR, most of the data were nondetected, so the Parkerton values
were used instead.  Table 7-5-B is the corresponding SQT; for unlimited
consumption the SQT would be 27, 522, and 177 Fg/kg in sediments for the
three listed fish species.

Ecological Sediment Quality Thresholds
Total PCB SQTs protective of ecological receptors were derived from the toxicity
reference values listed in Table 6-5 of the ecological risk assessment.  The point
TRV values for the various receptors were used as input to the Lower Fox River
bioaccumulation model, and then the associated sediment concentration was
back-calculated to yield the SQT.  Total PCB SQTs were directly derived from the
TRVs for fish survival and reproduction (walleye and carp), and for mink
reproduction and kit survival based upon total PCB concentrations in fish as part
of their diet.

For birds, it was necessary to derive site-specific biomagnification factors (BMFs)
from levels of total PCBs measured in prey fish (alewife) to concentrations
measured in eggs.  BMFs were derived using the measured egg concentrations of
total PCBs in common tern, Forster’s tern, and double-crested cormorant at
Kidney Island and Green Bay.  While limitations of the BMF model were
discussed previously, there are no kinetic bioaccumulation models that have been
validated for fish-to-bird contaminant transfers.  The BMF model, used with site-
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specific data and within this context, is the best approximation of bird
contaminant exposure.  The BMF was calculated by dividing the receptor egg
RME concentration by the RME for alewife in Green Bay.  To facilitate the
calculation of the BMF, it was conservatively assumed that the diet of these bird
species was 100 percent alewife, and that all of the PCBs are transferred from fish
to eggs.

BMFs, and the resultant SQT, are given in Table 7-6.  Two SQTs/species were
derived:  one that is protective of hatchout and survival of young, and the second
SQT that is to be protective of embryonic deformations.  Total PCB sediment
quality thresholds for fish, mink, and birds are given in Table 7-7.  The SQT
range from a low of 6 Fg/kg that is protective of mink reproduction and kit
survival, to a high of 1,491 that corresponds to no reproductive impairment for
terns.

For carp and walleye, the SQT associated with egg survival are 170, and 190,
respectively.  The corresponding SQT that would be associated with fish death
was 265 and 286, respectively.  For mink, the SQT that has never been observed
to cause risk to reproduction or kit survival is estimated at 6 Fg/kg, while the SQT
estimated for the lowest concentration observed to cause a statistically significant
effect on reproduction and kit survival is 275.

Site-wide Sediment Quality Thresholds
The SQTs derived for the human health and ecological receptors identified in this
BLRA are given in Table 7-8.  The ARC total PCB sediment criteria that is
protective of insects that live in the sediments is also included in this table.  Table
7-8 also provides the percentile for each point, and provides a mean, and the 10 ,th

50 , and 90  percentile values.  Given this array of values, an SQT of 6 Fg/kgth th

would be 100 percent protective for total PCBs, while 30 Fg/kg in the sediments
would be protective of 90 percent of the receptors (10  percentile).  A median,th

or 50 percent, protection of all species would be achieved with a value of 270
Fg/kg.
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Figure 7-1 Food Web Model of the Lower Fox River and Green Bay 



Table 7-1     Reach-specific and River-wide Total PCB Sediment:Water Ratios   

Location Media Year Count Minimum Maximum Average Median
Average

Ratio
Median
Ratio

DePere Sediment 1989 377 0.34 54,000 7249.018 1,880
DePere Water 1989/90 146 0.00078 0.0963 0.021192 0.01499 3.42E+05 1.25E+05

Kimberly/Kaukauna Sediment 1989 80 50 130,838 24434.48 4,730
Kimberly/Kaukauna Water 1989/90 47 0.00078 0.05217 0.018481 0.01357 1.32E+06 3.49E+05

Little Lake Butte des Morts Sediment 1989 274 2 222,722 20156.61 2637.5
Little Lake Butte des Morts Water 1989/90 57 0.00013 0.04016 0.014115 0.01315 1.43E+06 2.01E+05

River Mouth Sediment 1989 91 4 84,000 7621.363 3,000
River Mouth Water 1989/90 93 0.011112 0.177 0.052517 0.0382341 1.45E+05 7.85E+04
River Mouth Sediment 1995 440 50 400,000 8575.834 2,850
River Mouth Water 1994/95 43 0.005 0.143 0.055744 0.057 1.54E+05 5.00E+04

Total  Sediment 1,266 0.34 400,000 11597.6 2,600
Total  Water 427 0.00004 0.177 0.02831 0.01758 4.10E+05 1.48E+05



Table 7-2     References Reviewed for Potential Input Parameter to the Lower Fox River Bioaccumulation Model

Organisms Dietary Composition (based on weight or volume) Lipid Content (%) Weight (kg)

Plankton
Zooplankton 5 (Gobas, 1993) 0  (Campfens and Mackay, 1997)

Benthic Organisms
Oligochaetes 1 (Campfens and Mackay, 1997) 0.0001  (Campfens and Mackay, 1997)
Chironomids 2 (Zaranko et al., 1997)

Fish 
Rainbow smelt 100% zooplankton (Mills et al., 1995) 6.6 + 1 (Rottiers and Tucker, 1982) 0.085 (Seagrant web page)
Gizzard shad 70% zooplankton; 20% algae; 10% chironomids (Muth and Busch, 1989; 

Kolok et al., 1996)
5.7 (site specific data) 0.025  (Levine et al., 1995)

Emerald shiner 90% zooplankton; 5% algae; 5% chironomids (Muth and Busch, 1989) 5.6 (site specific data)
Carp

YOY1 100% chironomid larvae (Weber and Otis, 1984) 0.00629 (Weber and Otis, 1984)
adults 48% chironomids; 48% oligochaetes; 4% zooplankton 8.5 (site specific data) 1.4-6.8 (Scott and Crossman, 1973)

Alewife
YOY 20-90% copepods; 10-80% cladocerans (Hewett and Stewart, 1989) avg. = 0.00071 (Flath and Diana, 1985)
adults 93% zooplankton; 7% benthos (Gobas et al., 1995) males: 8.68 + 4.65; females: 9.42 + 3.9 (Flath and 

Diana, 1985)
0.056  + 0.007 (Hewett and Stewart, 
1989)

Perch
YOY 100% chironomid larvae (Scott and Crossman, 1973; Weber and Otis, 

1984)
adults 50% oligochaetes; 50% chironomids whole fish male: 2.6-18.4 dry wt; whole fish female: 

2-17.1 dry wt (Henderson and Tocher, 1987)
0.01-0.588 (Wells and Jorgenson, 1983)

Walleye
YOY 0-96% rainbow smelts; 0-78% gizzard shad; 0-20% emerald shiner; 0-

80%white perch; 0-10% yellow perch  (Wolfert and Bur, 1992)
0.04 (Magnuson and Smith, 1987)

adults 12-100% alewife; 0-76% rainbow smelt; 0-74% gizzard shad; 0-1% sculpin 
(Magnuson and Smith, 1987)

4.7 (site specific data) 2.3 (site specific data)

NOTE:
1 YOY = Young-of-the-year



1.  Physical Parameters

Parameter Value

Little Lake 
Butte des 

Morts
Little Rapids/ 

De Pere
De Pere/ 

Green Bay

Chemical Total PCBs
Molecular Weight 250.54
LogKow 6.6
Henry's Constant 12.2
SStw 0.0001 kg/L
OCss 0.025 g/g
Sediment TOC (%) 7.8 5.8 5.5
pH 8.2
T[C] 20
Sediment/Water Ratio 2.00E+05 1.25E+05 7.85E+04
A 5.30E-08
B 2.3
QW Power 0.6
Ed 3.98E-01

2.  Biological Parameters
Species Diet (%) Lipid (%) Weight (kg)

Zooplankton 5 0

Oligochaetes 1 0.0001
Chironomids 2 0.0001

Rainbow smelt 6.6 0.085
Gizzard shad

5.7 0.025
Emerald shiner

5.6 0.045
Carp
     Young of the Year 8.5 0.006
     Adults

8.5 3
Alewife
     Young of the Year 9 0.0007
     Adults

9 0.056
Perch
     Young of the Year 7 0.005
     Adults 7 0.3

Walleye
4.7 2.3

50% oligochaetes; 50% chironomids

Table 7-3     Physical and Biological Parameters of the Lower Fox
                      River Bioaccumulation Model

30% alewife; 30% rainbow smelt; 30% 
gizzard shad; 10% emerald shiner 

93% zooplankton; 4% chironomids; 3% 
oligochaetes

100% zooplankton
70% zooplankton; 20% algae; 10% 
chironomids 
90% zooplankton; 5% algae; 5% 
chironomids

100% chironomid larvae 
48% chironomids; 48% oligochaetes; 4% 
zooplankton

100% zooplankton

100% chironomid larvae 



Table 7- 4     Lower Fox River Bioaccumulation Model Validation

Number of Number of Detection 
Location Species Samples Detects Frequency Total PCB Mean 95% UCL  Mean  (N)  Mean  (I0) Mean  (Id) Units

Little Lake Butte des Morts  (TOC=7.8%)
water (total) 29 29 100 0.02 0.02 0.05 0.02 0.03 µg/L
surface sediments  (N) 280 277 99 10735 12496 10735 --- --- µg/kg
surface sediments  (I0) --- --- --- 3735 3786 --- 3735 --- µg/kg
surface sediments (Id) --- --- --- 5457 5527 --- --- 5457 µg/kg
Carp 35 34 97 8909 12663 18596 6631 9453 µg/kg
Gizzard Shad 4 4 100 296 530 4535 2738 2306 µg/kg
Walleye 12 9 75 2478 3884 15657 5448 7959 µg/kg
Yellow Perch 6 6 100 2018 2734 17082 5943 8768 µg/kg

Little Rapids to DePere (TOC=5.8%)
water (total) 29 29 100 0.02 0.02 0.03 0.03 0.03 µg/L
surface sediments  (N) 239 228 95 3941 4644 3941 --- --- µg/kg
surface sediments  (I0) 37479 --- --- 2890 2926 --- 2890 --- µg/kg
surface sediments (Id) 37479 --- --- 3565 3607 --- --- 3565 µg/kg
Carp 21 21 100 4312 5151 9226 6765 8345 µg/kg
Walleye 3 3 100 3742 4587 9036 6626 8174 µg/kg
Yellow Perch 1 1 100 1600 --- 8449 6196 7643 µg/kg

River Mouth  (TOC = 5.5%)
water 79 79 100 0.05 0.06 0.05 0.03 0.04 µg/L
surface sediments  (N) 251 246 98.01 4032 4855 4032 --- --- µg/kg
surface sediments  (I0) --- --- 2674 2695 --- 2674 --- µg/kg
surface sediments (Id) --- --- 3211 3235 --- --- 3211 µg/kg
Alewife 24 24 100 2858 3159 5390 3575 4293 µg/kg
Carp 66 66 100 12163 15247 10102 6700 8045 µg/kg
Emerald Shiners 5 5 100 3520 3846 3922 2601 3123 µg/kg
Gizzard Shad 22 22 100 2447 2866 3832 2541 3052 µg/kg
Walleye 82 82 100 8625 9537 14140 9378 11261 µg/kg
Yellow Perch 4 4 100 6525 8113 9169 6081 7302 µg/kg

NOTE:
Boxed and bolded values represent sediment inputs to the Lower Fox River bioaccumulation model.

Observed Predicted Total PCB



Table 7-5  Sediment Quality Thresholds for the Protection of Human Health

A   Calculated Whole Body Tissue Limit Concentrations Associated with the GLFSC Fish Fillet Consumption Advisories where Risk = 10 -4 (ppb)

Fish Species Unlimited Consumption

Do Not Eat               
(>1900 ppb PCBs in 

fish)

Carp (0.7) 1 70 > 2710
Yellow Perch (0.04) 1 1250 > 47500
Walleye (0.1) 1 500 >  19000

NOTE:
1.  Fillet to whole body conversions

B   Calculated Sediment Concentrations Associated with Whole Fish Consumption where fillet Risk = 10 -4 (ppb)

Fish Species Unlimited Consumption

Do Not Eat               
(>1900 ppb PCBs in 

fish)

Carp 27 > 1030
Yellow Perch 522 > 19840
Walleye 177 > 6710

Eat No More than One Meal 
Every 2 Months or 6 

Meals/Year (1000-1900 ppb 

2710
47500
19000

5000 25000
500 10000

Eat No More than One 
Meal/Week or 52 Meals/Year 

(50-200 ppb PCBs in fish)

Eat No More than One 
Meal/Month or 12 Meals/Year 
(200-1000 ppb PCBs in fish)

290 1430

Eat No More than One 
Meal/Week or 52 Meals/Year 
(50-200 ppb PCBs in fish) 1

Eat No More than One 
Meal/Month or 12 Meals/Year 
(200-1000 ppb PCBs in fish)

Eat No More than One Meal 
Every 2 Months or 6 

Meals/Year (1000-1900 ppb 

111 546 1030
2090 10440 19840
707 3530 6710



Table 7-6     Derivation of Bird Biomagnification Factors (BMFs)

Alewife BMF (100% alewife)
Location Species Tissue Mean RME Mean RME Mean RME

Kidney Island Common Tern egg 5902.87 7266.85 2417 2864 2.44 2.54
Kidney Island Forster's Tern egg 5909.61 7092.86 2417 2864 2.44 2.48
Green Bay Double Crested Cormorant egg 13944.41 17466.24 2417 2864 5.77 6.10

Double-crested Cormorant data is from 1994-1995 on Cat Island (Green Bay Area 2)
Tern data is from NRDA 1996 (Green Bay Area 2)
Alewife data is from GLNPO (1988-1989) and FRGB fish comtaminant data study

RME TRV TRV Alewife Concentration 1 SQT
Species BMF reproduction deformity reproduction deformity reproduction deformity

(µg/kg) (µg/kg) (µg/kg) (µg/kg) (µg/kg) (µg/kg)

Common Tern 2.54 4000 800 1570 310 1454 287
Forster's Tern 2.48 4000 800 1610 320 1491 296
Double Crested Cormorant 6.10 4000 800 660 130 611 120

NOTE:
1.  Alewife concentration was calculated by dividing the respective TRVs by the RME BMFs



Table 7-7    Sediment Quality Thresholds for the Protection of Ecological Receptors

Species Risk
Measurement 

Point

Total PCB 
Concentration

(µg/kg ww)

Estimated 
SQT

(µg/kg)

No risk to egg survival egg 500 170
No risk to adult survival whole body 750 265

No risk to egg survival egg 500 190
No risk to carp survival whole body 750 286

No risk to reproduction and kit survival survival 15 6
Lowest observed concentration that affected reproduction and kit survival survival 720 275

No risk to reproductive impairment 4000 1454
Lowest observed concentration that resulted in deformities 800 287

No risk to reproductive impairment 4000 1491
Lowest observed concentration that resulted in deformities 800 296

No risk to reproductive impairment 4000 611
Lowest observed concentration that resulted in deformities 800 120

walleye

carp

mink carp in diet

common tern

eggForster's tern

double-crested cormorant



Protective Threshold SQT (µg/kg) Percentile

Mink reproduction and survival NOEL 6 0% Mean 388
Carp Human Health SQT 27 7% Standard Error 113
ARCS sediment quality criteria 33 13% Standard Deviation 453
Double-crested cormorant LOEL for deformities 120 20% 10th Percentile 30
Walleye egg survival NOEL 170 27% 50th Percentile 275
Walleye  Human Health SQT 177 33% 90th Percentile 1200
Carp egg survival NOEL 190 40%
Walleye adult survival NOEL 265 47%
Mink LOEL reproduction and survival 275 53%
Carp adult survival NOEL 286 60%
Common tern LOEL for deformities 287 67%
Forster's tern LOEL for deformities 296 73%
Yellow Perch Human Health SQT 522 80%
Double-crested cormorant reproductive impairment NOEL 611 87%
Common tern reproductive impairment NOEL 1454 93%
Forster's tern reproductive impairment NOEL 1491 100%

SQT Summary Statistics

Table 7-8     Derivation of Site-wide Sediment Quality Thresholds for the Protection
                      of Human Health and the Environment



References 8-1

References8
Abramowicz, D. A., 1990. Aerobic and anaerobic biodegradation of PCBs: A

review. Biotechnology. 10(3):241–251.

Agency for Toxic Substances and Disease Registry (ATSDR), 1997. Toxicological
Profile for Polychlorinated Biphenyls. Atlanta.

Agency for Toxic Substances and Disease Registry (ATSDR), 1998. Minimum Risk
Levels (MRLs) for Hazardous Substances. World-wide web site:
http://atsdrl.atsdr.cdc.gov.8080/mrls.html.

Agency for Toxic Substances and Disease Registry (ASTDR) in the U.S. Public
Health Service, U.S. Department of Health and Human Services, and EPA,
1996, revised 1999. Public Health Implications of Exposure to Polychlorinated
Biphenyls (PCBs).

Ahlborg, U. G., G. C. Becking, L. S. Birnbaum, A. Brouwer, H. J. G. M. Derks, M.
Feeley, G. Golor, A. Hanberg, J. C. Larsen, A. K. D. Liem, S. H. Safe, C.
Schlatter, F. Wærn, M. Younes, E. Yrjånheikki, 1994. Toxic equivalency
factors for dioxin-like PCBs. Chemosphere. 28(6):1049–1067.

Albro, P. W. and C. E. Parker, 1979. Comparison of the compositions of Aroclor
1242 and Aroclor 1016. Journal of Chromatography. 169:161–166. Not seen, as
cited in ATSDR, 1997.

Albro P. W., J. T. Corbett, and J. L. Schroeder, 1981. Quantitative
characterization of polychlorinated biphenyl mixtures (Aroclor 1248, 1254,
and 1260) by gas chromatography using capillary columns. Journal of
Chromatography. 205:103–111. Not seen, as cited in ATSDR 1997.

Alexander, G. R., 1977. Food of vertebrate predators on trout waters in north
central lower Michigan. The Michigan Academian. 10:181–195.

Allen, P. J., Sullivan, and L. Persson, 1987. Toxic Substances Management Technical
Advisory Committee Report: Lower Green Bay Remedial Action Plan. Wisconsin
Department of Natural Resources. PUBL-WR-166-87.

Amundson, D. S., 1984. Organochlorine Pesticides and PCBs in Edible Tissues of Giant
Canada Geese from the Chicago Area. Thesis submitted to the University of
Illinois at Chicago.



Baseline Human Health and Ecological Risk Assessment

8-2 References

Anderson, D. W., and J. J. Hickey, 1969. Eggshell changes in certain North
American birds. Proc. XV  Int. Ornithol. Cong. p 514–540.th

Anderson, H. A., J. F. Amrhein, P. Shubat, J. Hesse, 1993. Protocol for a Uniform
Great Lakes Sport Fish Consumption Advisory. Prepared for the Great Lakes Sport
Fish Advisory Task. September.

Anderson, H. A., C. Falk, L. Hanrahan, J. Olson, V. W. Burse, L. Needham, D.
Paschal, D. Patterson, Jr., R. H. Hill, Jr., and the Great Lakes Consortium,
1998. Profiles of Great Lakes critical pollutants: A sentinel analysis of human
blood and urine. Env. Health Perspect. 106(5):279–289.

Ankley, G. T., 1996. Evaluation of metal/acid-volatile sulfide relationships in the
prediction of metal bioaccumulation by benthic macroinvertebrates. Environ.
Tox. Chem. 15:2138–2146.

Ankley, G. T., D. Tillitt, and J. Giesy, 1989. Maternal transfer of bioactive
polychlorinated aromatic hydrocarbons in spawning chinook salmon
(Oncorhynchus tshawytscha). Mar. Environ. Res. 28:231–234.

Ankley, G. T., D. Tillitt, J. Giesy, P. Jones, and D. Verbugge, 1991.
Bioassay-derived 2,3,7,8-tetrachlorodibenzo-p-dioxin equivalents (TCDD-EQ)
in PCB-containing extracts from the flesh and eggs of Lake Michigan chinook
salmon and possible implications for reproduction. Can. J. Fish Aquat. Sci.
48:1685–1690.

Ankley, G. T., G. J. Niemi, K. B. Lodge, H. J. Harris, D. L. Beaver, D. E. Tillitt,
T. R. Schwartz, J. P. Giesy, P. D. Jones, and C. Hagley, 1993. Uptake of
planar polychlorinated biphenyls and 2,3,7,8-substituted polychlorinated
dibenzofurans and dibenzo-p-dioxins by birds nesting in the Lower Fox River
and Green Bay, Wisconsin, USA. Arch. Environ. Contam. Toxicol. 24:332–344.

Ankley, G. T., K. B. Lodge, D. J. Call, M. C. Balcer, L. T. Brooke, P. M. Cook, R.
G. Kreis, Jr., A. R. Carlson, R. D. Johnson, G. J. Niemi, R. A. Hoke, C. W.
West, J. P. Giesy, P. D. Jones, and Z. C. Fuying, 1992. Integrated assessment
of contaminated sediments in the Lower Fox River and Green Bay, Wisconsin.
Ecotoxicology and Environmental Safety. 26:46–63.

Armstrong, F. A., 1979. Effects of mercury compounds on fish. In: The
Biogeochemistry of Mercury in the Environment. J. O. Nriagu (ed). Elsevier/North
Holland Biomedical Press. New York, New York.



Baseline Human Health and Ecological Risk Assessment

References 8-3

Arnold, D. L. et al., 1993a. Toxicological consequences of Aroclor 1254 ingestion
by female rhesus (Macaca mulatta) monkeys, Part 1A: Prebreeding phase -
clinical health findings. Food Chem. Toxicol. 31:799–810.

Arnold, D. L. et al., 1993b. Toxicological consequences of Aroclor 1254 ingestion
by female rhesus (Macaca mulatta) monkeys, Part 1B: Prebreeding phase -
clinical and analytical laboratory findings. Food Chem. Toxicol. 31:811–824.

ATSDR, (Agency for Toxic Substances and Disease Registry), 1993. Toxicological
Profile for Aldrin/Dieldrin (Update). United States Department of Health and
Human Services. 184 p.

ATSDR, 1994. Toxicological Profile for: 4,4’-DDT, 4,4’-DDE, 4,4’-DDD (Update).
United States Department of Health and Human Services. 166 p.

ATSDR, 1997. Toxicological Profile for Polychlorinated Biphenyls (Update). United
States Department of Health and Human Services. 427 p.

ATSDR, 1998a. Toxicological Profile for Chlorinated Dibenzo-p-dioxins. Draft. Division
of Toxicology. Atlanta, Georgia. February.

ASTDR, 1998b. Agency for Toxic Substances and Diseases Registry (Aldrin and
Dieldrin, 1989). http://atsdr1.atsdr.cdc.gov:8080/ToxProfiles/phs8801.html

Aulerich, R. J. and R. K. Ringer, 1977. Current status of PCB toxicity to mink,
and effect on their reproduction. Arch. Environ. Contam. Toxicol. 6:279–292.

Aulerich, R. J., and R. K. Ringer, 1980. Toxicity of the polychlorinated biphenyl
Aroclor 1016 to mink. United States Environmental Protection Agency.
Report No. 600/3-80-033. Duluth, Minnesota. 24 p.

Aulerich, R. J., R. K. Ringer, and S. Iwamoto, 1973. Reproductive failure and
mortality in mink fed on Great Lakes fish. J. Reprod. Fert. Suppl. 19:365–376.

Aulerich, R. J., R. K. Ringer, and S. Iwamoto, 1974. Effects of dietary mercury on
mink. Arch. Environ. Contam. 2:43–51.

Aulerich, R. J., R. K. Ringer, and J. Safronoff, 1986. Assessment of primary and
secondary toxicity of Aroclor 1254 to mink. Arch. Environ. Contam. Toxicol.
15:393–399.



Baseline Human Health and Ecological Risk Assessment

8-4 References

Aulerich, R. J., R. K. Ringer, H. L. Seagrin, and W. G. Youatt, 1971. Effects of
feeding coho salmon and other Great Lakes fish on mink reproduction. Can.
J. Zoo. 49:611–616.

Azar, A., H. J. Trochimowicz, and M. E. Maxwell, 1973. Review of lead studies
in animals carried out at Haskell Laboratory: Two-year feeding study and
response to hemorrhage study. In: Environmental Health Aspects of Lead,
International Symposium. D. Barth (ed). Commission of European Communities.
p. 199–210.

Bahn, A. K., I. Rosenwaike, N. Herrmann, P. Grover, J. Stellman, K. O’Leary,
1976. Melanoma after exposure to PCBS. N. Engl. J. Med. 295:450.

Bandiera, S., K. Farrell, G. Mason, M. Kelley, M. Romkes, R. Bannister, and S.
Safe, 1984. Comparative toxicities of the polychlorinated dibenzofuran
(PCDG) and biphenyl (PCB) mixtures which persist in Yusho victims.
Chemosphere. 13:507–512.

Banerjee, B. D., A. Ray, and S. T. Pasha, 1996. A comparative evaluation of
immunotoxicity of DDT and its metabolites in rats. Indian J. Exper. Biol.
34:517–522.

Barnes, R. D., 1980. Invertebrate Zoology. 4  Edition. Saunders College.th

Philadelphia, Pennsylvania.

Barsotti, D. A. and J. P. Van Miller, 1984. Accumulation of a commercial
polychlorinated biphenyl mixture (Aroclor 1016) in adult rhesus monkeys and
their nursing infants. Toxicology. 30:31–44.

Bellinger, D. C., A. Leviton, C. Waternaux, H. Needleman, and M. Rabinowitz,
1987. Longitudinal analyses of prenatal and postnatal lead exposure and early
cognitive development. N. Engl. J. Med. 316:1037–1043.

Benignus, V. A., D. A. Otto, K. E. Muller, and K. J. Seiple, 1981. Effects of age
and body lead burden on CNS function in young children, II: EEG spectra.
Electroencephalograph. Clin. Neurophysiol. 52:240–248.

Berlin, W., R. J. Hesselberg, and M. J. Mac, 1981. Growth and Mortality of Fry of
Lake Michigan Lake Trout During Chronic Exposure to PCBs and DDE. United
States Fish and Wildlife Service. Technical Paper 105:11–22.



Baseline Human Health and Ecological Risk Assessment

References 8-5

Bertelsen, S. L., A. D. Hoffman, C. A. Gallinat, C. M. Elonen, and J. W. Nichols,
1998. Evaluation of log K  and tissue lipid content as predictors of chemicalow

partitioning to fish tissues. Environ. Tox. Chem. 17:1447–1455.

Best, D. A., W. W. Bowerman, T. J. Kubiak, S. R. Winterstein, S. Postupalsky,
M. C. Shieldcastle, and J. P. Giesy, 1993. Reproductive impairment of bald
eagles along the Great Lakes shoreline of Michigan and Ohio. Proc. IV World
Conf. on Birds of Prey and Owls. Berlin, Germany.

Betts, P. R., R. Astley, and R. N. Raine, 1973. Lead intoxication in children in
Birmingham. Br. Med. J. 1:402–406.

Beyer, W. N., J. W. Spann, L. Sileo, and J. C. Franson, 1988. Lead poisoning in
six captive avian species. Arch. Environ. Contam. Toxicol. 17:121–130.

Birge, W. J., J. A. Black, and B. Ramey, 1981. The reproductive toxicology of
aquatic contaminants. In: Hazard Assessment of Chemicals: Current Developments.
Vol. 1. J. Sexena and F. Fisher (eds). Academic Press, New York. p 59–115.

Birge, W. J., J. A. Black, A. G. Westerman, and J. E. Hudson, 1979. The effect of
mercury on reproduction of fish and amphibians. In: The Biogeochemistry of
Mercury in the Environment. J .O. Nriagu (ed.) Elsevier/North Holland
Biomedical Press. New York, New York.

Birnbaum, L. S., 1994. Endocrine effects of prenatal exposure to PCBs, dioxins,
and other xenobiotics: Implications for policy and future research. Environ.
Health Perspect. 102(8):676–679.

Birnbaum, L. S., M. J. DeVito, 1995. Use of toxic equivalency factors for risk
assessment for dioxins and related compounds. Toxicol. 105(2–3):391–401.

Bishop, C., M. Koster, A. Chek, D. Hussell, and K. Jock, 1995. Chlorinated
hydrocarbons and mercury in sediments, red-winged blackbirds (Agelaius
phoeniceus) and tree swallows (Tachycineta bicolor) from wetlands in the Great
Lakes St. Lawrence river basin. Environ. Toxicol. Chem. 4(3):491–501.

Bjornberg, A., L. Hokanson, and K. Lundbergh, 1988. A theory on the
mechanisms regulating bioavailability of mercury in natural waters. Environ.
Poll. 49:53–61.



Baseline Human Health and Ecological Risk Assessment

8-6 References

Bleavins, M. R., R. J. Aulerich, and R. K. Ringer, 1980. Polychlorinated biphenyls
(Aroclor 1016 and 1242): Effects on survival and reproduction in mink and
ferrets. Arch. Environ. Contam. Toxicol. 9:627–635.

Blus, L. J., 1996. DDT, DDD, and DDE in birds. In: Environmental Contaminants
in Wildlife, Interpreting Tissue Concentrations. W. N. Beyer, G. H. Heintz, and A.
W. Redmon-Norwood (eds.). SETAC. Lewis Publishers. Boca Raton, Florida.
p. 49–71

Boening, D. W., 1998. Toxicity of 2,3,7,8-tetrachlorodibenzo-p-dioxin to several
ecological receptor groups: A short review. Ecotox. Environ. Safety. 39:153–163.

Boese, B. L., and H. Lee, 1992. Synthesis of methods to predict bioaccumulation
of sediment pollutants. United States Environmental Protection Agency,
Environmental Research Laboratory-Narragansett. ERL-Contribution No.
N232. Narragansett, Rhode Island.

Boudou, A., M. Delnomdedieu, D. Geogescauld, F. Ribeyre, and E. Saouter,
1991. Fundamental roles of biological barriers in mercury accumulation and
transfer in freshwater ecosystems. Water, Air, Soil Pollut. 56:807–821.

Bowerman, W. W, 1993. Regulation of Bald Eagle (Haliaeetus leucocephalus)
Productivity in the Great Lakes Basin: An Ecological and Toxicological
Approach. Ph.D. Dissertation. Michigan State University, East Lansing,
Michigan.

Bowerman, W. W., J. P. Giesy, D. A. Best, and V. J. Kramer, 1995. A review of
factors affecting productivity of bald eagles in the Great Lakes region:
Implications for recovery. Environ. Health Perspec. 103(Suppl. 4):51–59.

Bowers, T. S., B. D. Beck and H. S. Karam, 1994. Assessing the relationship
between environmental lead concentrations and adult blood lead levels. Risk
Analysis. 14(2):183–189.

Brazner, J. and W. DeVita, 1998. PCBs, DDE, and mercury in young-of-the-year
littoral fishes from Green Bay, Lake Michigan. J. Great Lakes Res. 24:83–92.

Brown, C. C. and K. C. Chu, 1983. Implications of the multistage theory of
carcinogenesis applied to occupational arsenic exposure. J. Natl. Cancer Inst.
70:455–463.



Baseline Human Health and Ecological Risk Assessment

References 8-7

Brown, D. P., 1987. Mortality of workers exposed to polychlorinated
biphenyls—an update. Arch. Environ. Health. 42(6):333–339.

Brown, J. F., Jr. and R. E. Wagner, 1990. PCB movement, dechlorination, and
detoxication in the Acushnet Estuary. Environ. Toxicol. Chem. 9:1215–1233.

Bruggerman, W. A., L. B. J. M. Martron, D. Kooiman, and O. Huzinger, 1981.
Accumulation and elimination kinetics of di-, tri-, and tetrachlorobiphenyls by
goldfish after dietary aqueous exposure. Chemosphere. 10:811–815.

Brunner, M. J., T. M. Sullivan, A. W. Singer, M. J. Ryan, J. D. Toft II, R. S.
Menton, S. W. Graves, and A. C. Peters, 1996. An Assessment of the Chronic
Toxicity and Oncogenicity of Aroclor-1016, Aroclor-1242, Aroclor-1254, and
Aroclor-1260 Administered in Diet to Rats. Battelle Study No. SC920192.
Columbus, Ohio.

Brunström, B., M. Engwall, K. Hjelm, L. Lindqvist, and Y. Zebühr, 1995. EROD
Induction in Cultured Chick Embryo Liver: A Sensitive Bioassay for Dioxin-like
Environmental Pollutants.

Buchmann, A., W. Kunz, C. R. Wolf, F. Oesch, and L. W. Robertson, 1986.
Polychlorinated biphenyls, classified as either phenobarbital- or
3-methylcholanthrene-type inducers of cytochromeP–450, are both hepatic
tumor promoters in diethylnitrosamine-initiated rats. Cancer Lett. 32:243–253.

Buchmann, A., S. Ziegler, A. Wolf, L. W. Robertson, S. K. Durham, and M.
Schwarz, 1991. Effects of polychlorinated biphenyls in rat liver: correlation
between primary subcellular effects and promoting activity. Toxicol. Appl.
Pharmacol. 111:454–468.

Byron, W. R., G. W. Bierbower, J. B. Brouwer, and W. H. Hansen, 1967.
Pathological changes in rats and dogs from two-year feeding of sodium arsenite
or sodium arsenate. Toxicol. Appl. Pharmacol. 10:132–147.

Calabrese, E. J. and A. J. Sorenson, 1977. The health effects of PCBs with
particular emphasis on human high risk groups. Rev. Environ. Health.
2:285–304.

Calabrese, E. J and L. A. Baldwin, 1993. Performing Ecological Risk Assessments.
Lewis Publishers.



Baseline Human Health and Ecological Risk Assessment

8-8 References

Call, D. J., M. D. Balcer, L. T. Brooke, S. J. Lozano, and D. D. Vaishnav, 1991.
Sediment Quality Evaluation in the Lower Fox River and Southern Green Bay of Lake
Michigan. University of Wisconsin Center for Lake Superior Environmental
Studies, Superior, Wisconsin.

Callahan, M. A., M. W. Slimak, N. W. Gabel, I. P. May, C. F. Fowler, J. R. Freed,
P. Jennings, R. L. Durfee, F. C. Whitmore, B. Maestri, W. R. Mabey, B. R.
Holt, and C. Gould, 1979. Water-Related Environmental Fate of 129 Priority
Pollutants. EPA–440/4–79–029a. U.S. Environmental Protection Agency,
Washington, D.C. Vol. I, Ch. 36.

Campfens, I. and D. Mackay, 1997. Fugacitybased model of PCB
bioaccumulation in complex aquatic food webs. Envi. Sci. Tech. 31(2):577–583.

Capel, P. and S. Eisenreich, 1990. Relationship between chlorinated hydrocarbons
and organic carbon in sediment and porewater. J. Great Lakes Res.
16(2):245–257.

Carr, R. A., R. L. Durfee, and E. G. McKay, 1977. PCBs Involvement in the Pulp
and Paper Industry. Prepared by Versar, Inc. Springfield, Vermont, for the
United States Environmental Protection Agency, Washington, D.C. February
27.

Ciborowski, J. and L. Corkum, 1988. Organic contaminants in adult aquatic
insects of the St. Clair and Detroit Rivers, Ontario, Canada. J. Great Lakes Res.
14:148–156.

Clayton, F. D. and F. E. Clayton, (eds.), 1981. Patty’s Industrial Hygiene and
Toxicology, Volume 2B:, Toxicology. Third Revised Edition. John Wiley and Sons,
New York, New York. p. 3645–3669.

Cogliano, V. J., 1998. Assessing the Cancer Risk from Environmental PCBs. EPA
National Center for Environmental Assessment.

Connell, D. W. and G. J. Miller, 1984. Chemistry and Ecotoxicology of Pollution. John
Wiley & Sons, Inc.

Cope, W., J. Weiner, and R. Rada, 1990. Mercury accumulation in yellow perch
in Wisconsin seepage lakes: Relation to lake characteristics. Environ. Toxicol.
Chem. 9:931–940.



Baseline Human Health and Ecological Risk Assessment

References 8-9

Courval, J. M., J.V. DeHoog, A.D. Stein, E.M. Tay, J.P. He, and N.S. Paneth,
1997. Sport caught fish consumption and conception failure in Michigan
anglers. Health Conference ‘97 Great Lakes and St. Lawrence. Montreal, Quebec,
Canada.

Crump, K., Virens, A. Silvers, H. Clewell, J. Gearhart, and A. Shipp, 1995.
Reanalysis of dose-response data from Iraqi methylmercury poisoning episode.
Risk Analysis. 15:523–532.

Custer, C. M., T. W. Custer, P. D. Allen, K. L. Stromborg, and M. J. Melancon,
1998. Reproduction and environmental contamination in tree swallows
nesting in the Fox River drainage and Green Bay, Wisconsin, USA. Environ.
Toxicol. Chem. 17:1786–1798.

 
Custer, T. W. and C. M. Custer, 1995. Transfer and accumulation of

organochlorines from black-crowned night heron eggs to chicks. Environ.
Toxicol. Chem. 14:533–536.

Cuthbert, F., 1998. Personal communication of Francine Cuthbert, University of
Minisota with L. Mortensen, ThermoRetec, regarding tern populations.
November.

Dar, E., M. S. Kanarek, H. A. Anderson, and W. C. Sonzogni, 1992. Fish
consumption and reproductive outcomes in Green Bay, Wisconsin.
Environmental Research. 59:189–201.

Das, S. K., A. Sharma, and G. Talukder, 1982. Effects of mercury on cellular
systems in mammals—A review. Nucleus (Calcutta). 25:193–230.

DePinto, J. V., R. Ragunathan, T. C. Young, V. H. Bierman, and P. W. Rodgers,
1989. Sensitivity of PCB fate in Green Bay to differentiation of particle
properties. 32  Conference on Great Lakes Research, Madison, Wisconsin. Maynd

30–June 2. Abstract only. Int. Assoc. for Great Lakes Research. Buffalo, New
York. 41 p.

DeVault, D. S., R. Hesselberg, P. W. Rodgers, and T. J. Heist, 1996.
Contaminant trends in lake trout and walleye from the Laurentian Great
Lakes. Great Lakes Research. 22(4):884–895.

Di Toro, D. M., J. D. Mahony, D. J. Hansen, K. J. Scott, M. B. Hicks, and S. M.
Mayr, 1990. Toxicity of cadmium in sediments: The role of acid volatile
sulfide. Environ. Toxicol. Chem. 9:1487–1502.



Baseline Human Health and Ecological Risk Assessment

8-10 References

Dilworth, T. G., J. A. Keith, P. A. Pearce, and L. M. Reynolds, 1972. DDE and
eggshell thickness in New Brunswick woodcock. J. Wild. Manage.
36:1186–1193.

Dollarhide, J., 1993. Memorandum from J. Dollarhide, ECAO to P. VanLeeuwen,
Region V as cited in personal correspondence from Kirk Gribben to David
Morgan of RETEC.

Ebert, E., N. Harrington, K. Boyle, J. Knight, R. Keenan, 1993. Estimating
consumption of freshwater fish among Maine anglers. N. Am. J. of Fisheries
Management. 13:737–745.

EcoChem, Inc., 1998. 1998 Fox River Data Management Summary Report. Prepared
for Remediation Technologies, Inc., Seattle, Washington.

Edens, F. W., E. Benton, S. J. Bursian, and G. W. Morgan, 1976. Effect of dietary
lead on reproductive performance in Japanese quail, Caturnix colurnix japonica.
Toxicol. App. Pharm. 38:307–314.

Eisler, R., 1986. Polychlorinated Biphenyl Hazards to Fish, Wildlife and Invertebrates:
A Synoptic Review. USFWS Report No. 85 (1.7). United States Fish and
Wildlife Service, Laurel, Maryland. 72 p.

Eisler, R., 1987. Mercury Hazards to Fish, Wildlife, and Invertebrates: A Synoptic
Review. Biological Report 85(1.10). United States Fish and Wildlife Service.
90 p.

Eisler, R., 1988a. Arsenic Hazards to Fish, Wildlife, and Invertebrates: A Synoptic
Review. Biological Report 85(1.12). United States Fish and Wildlife Service.
92 p.

Eisler, R., 1988b. Lead Hazards to Fish, Wildlife, and Invertebrates: A Synoptic Review.
Biological Report 85(1.14). United States Fish and Wildlife Service. 134 p.

Eisler, R. and A. A. Belisle, 1996. Planar PCB Hazards to Fish, Wildlife, and
Invertebrates: A Synoptic Review. United Stated Department of the Interior,
National Biological Service Biological Report/Contaminant Hazard Report 31.
August.

Ellhassani, S. B., 1983. The many faces of mercury poisoning. J. Tox. 19:875–906.



Baseline Human Health and Ecological Risk Assessment

References 8-11

Elliott, J. E., R. J. Norstrom, and G. E. J. Smith, 1996. Patterns, trends, and
toxicological significance of chlorinated hydrocarbon and mercury
contaminants in bald eagle eggs from the Pacific coast of Canada, 1990–1994.
Arch. Environ. Contam. Toxicol. 31:354–367.

Elonen, G. E., R. L. Sphar, G. W. Holcombe, R. D. Johnson, J. D. Fernandez, R.
J. Erickson, J. E. Tietge, and P. M. Cook, 1998. Comparitive toxicity of
2,3,7,8-tetrachlorodibenzo-p-dioxin to seven freshwater fish species during
early life-stage development. Environ. Toxicol. Chem. 17:472–483.

Enterline, P. E. and G. M. Marsh, 1982. Mortality among workers exposed to
arsenic and other substances in a copper smelter. Am. J. Epidemiol.
116:895–910.

Environmental Data Resources (EDR), 1995. The EDR-Radius Map Reports: Fox
River—De Pere, Neenah and Menasha, and Kimberly. Not seen, as cited in
GAS/SAIC, 1996.

EPA, 1980. Ambient Water Quality Criteria for Aldrin/Dieldrin. United States
Environmental Protection Agency. Rep. 440/5-80-019. 211 p.

EPA, 1984a. Health Effects Assessment for Arsenic. ECAO-HO20. Prepared for the
Office of Emergency and Remedial Response by the Environmental Criteria
and Assessment Office.

EPA, 1984b. Drinking Water Criteria Document on Lead (Quantification of Toxicological
Effects Section). Office of Drinking Water.

EPA, 1985a. Health Advisories for 52 Chemicals Which Have Been Detected in Drinking
Water. Office of Drinking Water. NTIS PB860118338.

EPA, 1985b. Health Assessment Document for Polychlorinated Dibenzo-p-dioxin. EPA
600/8-84-014F. Prepared by the Office of Health and Environmental
Assessment, Environmental Criteria and Assessment Office, Cincinnati, Ohio.

EPA, 1987. Peer Review Workshop on Mercury Issues. Summary Report.
Environmental Criteria and Assessment Office, Cincinnati, Ohio. October
26–27.

EPA, 1988. Drinking Water Criteria Document for Polychlorinated Biphenyls (PCBs).
EACO-CIN-414.



Baseline Human Health and Ecological Risk Assessment

8-12 References

EPA, 1989a. Green Bay Mass Balance Study Plan: A Strategy for Tracking Toxics in the
Bay of Green Bay, Lake Michigan. EPA-905/8-89/001. United States
Environmental Protection Agency Great Lakes National Program Office,
Chicago, Illinois.

EPA, 1989b. Green Bay/Fox River Mass Balance Study. EPA-905/8-89/002. Prepared
by Science Applications International Corporation for the United States
Environmental Protection Agency. GLNPO Report No. 07-89. United States
Environmental Protection Agency Great Lakes National Program Office,
McLean, Virginia.

EPA, 1989a. Risk Assessment Guidance for Superfund, Vol. 1 Interim Final (Part A) of
Human Health Evaluation Manual. EPA 540/1-89-002. Washington, D.C.

EPA, 1989b. Interim Procedures for Estimating Risks Associated with Exposures to
Mixtures of Chlorinated Dibenzo-p-dioxins and -dibenzofurans (CDDs and CDFs) and
1989 Update.

EPA, 1989c. Exposure Factors Handbook. EPA/600/8-89/043. Office of Health and
Environmental Assessment.

EPA, 1991. Human Health Evaluation Manual, Supplemental Guidance: Standard
Default Exposure Factors. OSWER Directive 9285.6-03. Washington, D.C.

EPA, 1992a. Framework for Ecological Risk Assessment. EPA/630/4-92/001. United
States Environmental Protection Agency Risk Assessment Forum, Washington,
D.C. February.

EPA, 1992b. National Study of Chemical Residues in Fish. Vol. 2. EPA 823-R-92-
008b. United States Environmental Protection Agency, Office of Science and
Technology, Washington, D.C. September.

EPA, 1992a. Dermal Exposure Assessment: Principles and Applications. EPA/600/8-
91/011B. Office of Health and Assessment, Washington, D.C.

EPA, 1992b. Supplemental Guidance to RAGS: Calculating the Concentration Term.
Publication 92B5.7-061. Office of Solid Waste and Emergency Response,
Washington, D.C. May.

EPA, 1993. Wildlife Exposure Handbook. EPA/600/R-93/187a. United States
Environmental Protection Agency, Office of Health and Environmental
Assessment, ORD, Washington, D.C.



Baseline Human Health and Ecological Risk Assessment

References 8-13

EPA, 1993. Updated version of the Region 8 CWA Section 304(a) criteria chart.
Memo from Dale Vodehnal, Chief, Water Quality Branch of EPA Region 8.

EPA, 1994. Great Lakes Water Quality Initiative Technical Support Document for the
Procedure to Determine Bioaccumulation Factors—July 1994. EPA/822/R94/002.
United States Environmental Protection Agency, Office of Water,
Washington, D.C.

EPA, 1994. Guidance Manual for the Integrated Exposure Uptake Biokinetic Model for
Lead in Children (Version 0.99D). EPA 540/R-93/081. Office of Emergency and
Remedial Response, Washington, D.C.

EPA, 1995a. Assessing Dermal Exposure from Soil. Region III Technical Guidance
Manual. EPA/903-K-95-003. Office of Superfund Programs, Philadelphia,
Pennsylvania.

EPA, 1995b. Guidance for Risk Characterization. EPA Science Policy Council.
February.

EPA, 1995c. Policy for Risk Characterization at the U.S. Environmental Protection
Agency. March 21.

EPA, 1996. Assessment and Remediation of Contaminated Sediments (ARCS) Program:
Calculation and Evaluation of Sediment Effect Concentrations for the Amphipod
Hyelella azteca and the Midge Chironomus riparius. EPA 905-R-96-008. United
States Environmental Protection Agency, Great Lakes National Program
Office, Chicago, Illinois.

EPA, 1996a. Report on Peer Review Workshop on PCBs: Cancer Dose-Response
Assessment and Application to Environmental Mixtures. EPA/600/P-96/001F.
Washington D.C.

EPA, 1996b. Proposed Guidelines for Carcinogen Risk Assessment. EPA/600/P-
92/003C.

EPA, 1996c. Recommendations of the Technical Review Workgroup for Lead for and
Interim Approach for Assessing Risks Associated with Adult Exposures to Lead in Soil.
EPA Technical Review Workgroup for Lead. December.

EPA, 1997a. Special Report on Environmental Endocrine Disruption: An Effects
Assessment and Analysis. EPA/630/R-96/012. United States Environmental
Protection Agency, Risk Assessment Forum, Washington, D.C. February.



Baseline Human Health and Ecological Risk Assessment

8-14 References

EPA, 1997b. The Incidence and Severity of Sediment Contamination in Surface Waters
of the United States. Volume 3: National Sediment Contaminant Point Source
Inventory. EPA-923-R-97-008.

EPA, 1997c. Ecological Risk Assessment Guidance for Superfund: Process for Designing
and Conducting Ecological Risk Assessments. Interim Final. United States
Environmental Protection Agency Environmental Response Team, Edison,
New Jersey. June 5.

EPA, 1997d. Mercury Study Report to Congress. Volume VI: An Ecological Assessment
for Anthropogenic Mercury Emissions in the United States. EPA-452/R-97-008.
December.

EPA, 1997a. Exposure Factors Handbook (Update to Exposure Factors Handbook - May
1989). EPA/600/8-89/043. Office of Research and Development, Washington,
D.C.

EPA, 1997b. Health Effects Assessment Summary Tables (HEAST). EPA/540/R-
97/036. Office of Solid Waste and Emergency Response, Washington D.C.

EPA, 1998. Guidelines for Ecological Risk Assessment. EPA/630/R-95/002F. United
States Environmental Protection Agency, Risk Assessment Forum,
Washington, D.C.

EPA, 1998. Integrated Risk Information System (IRIS) On-line Database. Office
of Research and Development, Cincinnati, Ohio.

EPA and USCOE (United States Army Corps of Engineers), 1998. ERED
( E n v i r o n m e n t a l  R e s i d u e  E f f e c t s  D a t a b a s e ) ,
http://www.wes.army.mil/el/ered/directio.html.

ESE, Inc., 1989. Biota Remedial Investigation, Final Report. Vol. II. Prepared by
Environmental Science and Engineering, Inc., for Office of the Program
Manager, Rocky Mountain Arsenal Contamination Cleanup. Contract No.
DAAK11-84-D0016.

Fein, G., J. L. Jacobson, S. W. Jacobson, and P. Schwarz, 1984a. Intrauterine
Exposure of Humans to PCBs (Polychlorinated Biphenyls): Newborn Effects.
EPA-600/3-84-060. U.S. Environmental Protection Agency.



Baseline Human Health and Ecological Risk Assessment

References 8-15

Fein, G., J. L. Jacobson, S. W. Jacobson, and P. Schwarz, 1984b. Prenatal
exposure to PCBs: Effects on birth size and gestation age. J. Pediatr.
105(2):315–320.

Fimreite, N., 1979. Accumulation and effects of mercury on birds. In: The
Biogeochemistry of Mercury in the Environment. J. Nriagu (ed). Elsevier Press,
Amsterdam, The Netherlands. p. 601–627.

Fiore, B. J., H. A. Anderson, L. P. Hanrahan, L. J. Olson, W. C. Sonzogni, 1989.
Sport fish consumption and body burden levels of chlorinated hydrocarbons:
A study of Wisconsin anglers. Arch. Env. Health 44(2):82–88.

Fischer, L. J., R. F. Seegal, P. E. Ganey, I. N. Pessah, and P. R. S. Kodavanti,
1998. Symposium overview: Toxicity of non-coplanar PCBs. Toxicological
Sciences. 41:49–61.

Fitzgerald, S. A. and J. J. Steuer, 1996. The Fox River PCB Transport
Study—Stepping Stone to a Healthy Great Lakes Ecosystem. USGS Fact Sheet FS-
116-96.

Flath, L. E. and J. S. Diana, 1985. Seasonal energy dynamics of the alewife in
southern Lake Michigan. Trans. Am. Fish. Soc. 114:328–337.

Foley, R. E., S. J. Jackling, R. J. Sloan, and M. K. Brown, 1988. Organochlorine
and mercury residues in wild mink and otter: Comparison with fish. Environ.
Toxicol. Chem. 7:363–374.

Fox, G., B. Collins, E. Hayakawa, D. Weseloh, J. Ludwig, T. Kubiak, and T.
Erdman, 1991a. Reproductive outcomes in colonial fish-eating birds: A
biomarker for development toxicants in Great Lakes food chains, I: Historical
and ecotoxicological perspectives. J. Great Lakes Res. 17:153–157.

Fox G., D. Weseloh, T. Kubiak, and T. Erdman, 1991b. Reproductive outcomes
in colonial fish-eating birds: A biomarker for development toxicants in Great
Lakes Food Chains, II: Spatial variation in the occurrence and prevalence of
bill defects in young double-crested cormorants in the Great Lakes,
1979–1987. J. Great Lakes Res. 17:158–167.

Frank, R., M. Van Hove Holdrint, and W. Rapley, 1975. Residues of
organochlorine compounds and mercury in bird’s eggs from the Niagara
Peninsula, Ontario. Arch. Environ. Contam. Toxicol. 3:205–218.



Baseline Human Health and Ecological Risk Assessment

8-16 References

Freeman, G. B. et al., 1993. Bioavailability of arsenic in soil impacted by smelter
activities following oral administration in rabbits. Fundamental and Applied
Toxicology. 21:83–88.

Froese, K. L., D. A. Verbrugge, G. T. Ankley, 1998. Bioaccumulation of
polychlorinated biphenyls from sediments to aquatic insects and tree swallow
eggs and nestlings in Saginaw Bay, Michigan, USA. Environ. Toxicol. Chem.
17:484–492.

Gaines, T. B., 1969. Acute toxicity of pesticides. Toxicol. Appl. Pahrm.
14:515–534.

Galley, R. A. E., 1952. Problems arising from the use of chemicals in food.
Chemisrty and Industry. 19:342–344.

GAS/SAIC, 1996. Remedial Investigation Report for Contaminated Sediment Deposits
on the Fox River (Little Lake Butte Des Morts to the De Pere Dam). Prepared by
Graef, Anhalt, Schloemer & Associates (GRAEF) and Science Applications
International Corporation (SAIC). September 24.

Giesy, J., J. Ludwig, and D. Tillitt, 1994a. Deformities in birds of the Great Lakes
Region: Assigning causality.  Environ. Sci. Technol. 28:128A–135A.

Giesy, J., J. Ludwig, and D. Tillitt, 1994b. Dioxins, dibenzofurans, PCBs and
similar chlorinated diaromatic hydrocarbons in and their effects on birds:
Wildlife biomonitoring for hazards of complex environmental mixtures in the
Laurentian Great Lakes. In: Dioxins and Health. A. Schecter (ed). Plenum Press,
New York.

Giesy, J., D. Verbrugge, R. Othout, W. Bowerman, M. Mora, P. Jones, J. Newsted,
C. Vandervoort, S. Heaton, R. Aulerich, S. Bursian, J. Ludwig, G. Dawson, T.
Kubiak, D. Best, and D. Tillitt, 1994c. Contaminants in fishes from Great
Lakes-influenced sections and above dams of three Michigan rivers, II:
Implications for health of mink. Arch. Env. Cont. Toxicol. 27:213–223.

Giesy, J., W. Bowerman, M. Mora, D. Verbrugge, R. Othoudt, P. Jones, J.
Newsted, C. Summer, R. Aulerich, S. Bursian, J. Ludwig, G. Dawson, T.
Kubiak, D. Best, and D. Tillitt, 1995. Contaminants in fishes from Great
Lakes-influenced sections and above dams of three Michigan rivers, II:
Implications for health of bald eagles. Arch. Env. Cont. Toxicol. 29:309–321.



Baseline Human Health and Ecological Risk Assessment

References 8-17

Gilbertson, M., T. J. Kubiak, J. P. Ludwig, and G. Fox, 1991. Great Lakes embryo
mortality, edema, and deformities syndrome (GLEMEDS) in colonial
fish-eating birds: Similarity to chick edema disease. J. Toxicol. Environ. Hlth.
33:455–520.

Gladen, B. C., W. J. Rogan, and P. Hardy, 1988. Development after exposure to
polychlorinated biphenyls and dichlorodiphenyl dichloroethene
transplacentally through human milk. J. Pediatr. 113(6):991–995.

Gobas, F. A. P. C., 1993. A model for predicting the bioaccumulation of
hydrophobic organic chemicals in aquatic foodwebs: Application to Lake
Ontario. Ecol. Modelling. 69:1–17.

Gobas, F. A. P. C., M. N. Z’Graggen, and X. Zhang, 1995. Time response of the
Lake Ontario ecosystem to virtual elimination of PCBs. Environ. Sci. Technol.
29:2038–2046.

Goldsmith, J. R. et al., 1972. Evaluation of health implications of elevated arsenic
in well water. Water Res. 6:1133–1136.

Gottofrey, J. and H. Tjalve, 1991. Effect of lipophilic complex formation on the
uptake and distribution of Hg2+ and Chs-Hg+ in brown trout (Salmo trutta):
Studies with some compounds containing sulphur ligands. Water, Air, Soil
Pollution. 56:521–532.

Grieb, T., C. Driscoll, S. Gloss, C. Schofield, G. Bowie, and D. Porcella, 1990.
Factors affecting mercury accumulation in fish in the upper Michigan
peninsula. Environ. Toxicol. Chem. 9:919–930.

Gustavsson, P., C. Hogstedt, and C. Rappe, 1986. Short-term mortality and
cancer incidence in capacitor manufacturing workers exposed to
polychlorinated biphenyls (PCBS). Am. J. Ind. Med. 10:341–344.

Hanrahan, L. P., C. Falk, H. A. Anderson, L. Draheim, M. Kanarek, J. Olson, and
the Great Lakes Consortium, 1997. Serum PCB levels and Great Lakes sport
fish consumption. Health Conference ‘97 Great Lakes and St. Lawrence. Montreal,
Quebec, Canada.

Hardell, L., B. van Bavel, G. Lindström, M. Fredrikson, H. Hagberg, G. Liljegren,
M. Nordström, and B. Johansson, 1996. Higher concentrations of specific
polychlorinated biphenyl congeners in adipose tissue from non-Hodgkin’s



Baseline Human Health and Ecological Risk Assessment

8-18 References

lymphoma patients compared with controls without a malignant disease. Int.
J. Oncol. 9:603–608.

Harr, J. R., R. R. Claeys, J. F. Bone, and N. Benedict, 1970a. Dieldrin toxicosis
in rats: Long-term study of brain and vascular effects. Am. J. Vet. Res. 32:1853.

Harr, J. R., R. R. Claeys, J. F. Bone, and T. W. McCorcle, 1970b. Dieldrin
toxicosis: rat reproduction. Am. J. Vet. Res. 31:181–189.

Harris, G. E., Y. Kiparissis, and C. D. Metcalfe, 1994. Assessment of the toxic
potential of PCB congener 81 (3,4,4',5-tetrachlorobiphenyl) to fish in relation
to other non-ortho-substituted PCB congeners. Environ. Tox. Chem.
13:1405–1413.

Harris, H. J., T. C. Erdman, G. T. Ankley, and K. B. Lodge, 1993. Measures of
reproductive success and polychlorinated biphenyl residues in eggs and chicks
of Forster’s terns on Green Bay, Lake Michigan, Wisconsin—1988. Arch.
Environ. Contam. Toxicol. 25:304–314.

Hawley, N. and J. Neister, 1993. Measurement of horizontal sediment transport
in Green Bay, May–October 1989. J. Great Lakes Res. 19:368–378.

Heaton, S., S. Bursian, J. Giesey, D. Tillitt, J. Render, P. Jones, D. Verbrugge, T.
Kubiak, and R. Aulerich, 1995a. Dietary exposure of mink to carp from
Saginaw Bay, Michigan, 1: Effects on reproduction and survival, and the
potential risks to wild mink populations. Arch. Env. Cont. Toxicol. 28:334–343.

Heaton, S., S. Bursian, J. Giesey, D. Tillitt, J. Render, P. Jones, D. Verbrugge, T.
Kubiak, and R. Aulerich, 1995b. Dietary exposure of mink to carp from
Saginaw Bay, Michigan, 2: Hematology and liver pathology. Arch. Env. Cont.
Toxicol. 29:411–417.

Henderson, R. J. and D. R. Tocher, 1987. The lipid composition and
biochemistry of freshwater fish. Prog. Lipid Res. 26:281–347.

Henry, M. G. and G. J. Atchinson, 1991. Metal effects on fish behavior: Advances
in determining the ecological significance of responses. In: M. Newman and
A. McIntosh (eds). Metal Ecotoxicology: Concepts and Applications. Lewis
Publishers, Chelsea, Michigan. p. 131–143.



Baseline Human Health and Ecological Risk Assessment

References 8-19

Henshel, D. S., 1993. LD  and teratogenicity studies of the effects of TCDD on50

chicken embryos. Society of Environmental Toxicology and Chemistry Abstracts.
14:280.

Henshel, D. S., J. W. Martin, R. Norstrom, P. Whitehead, J. D. Steves, and K. M.
Cheng, 1995. Morphometric abnormalities in brains of great blue heron
hatchlings exposed to PCDDs. Environ. Health Perspect. 103(Suppl 4):61–66.

Henshel, D. S., J. W. Martin, R. J. Norstrom, J. Elliott, K. M. Cheng, and J. C.
DeWitt, 1997. Morphometric brain abnormalities in double–crested
cormorant chicks exposed to polychlorinated dibenzo–p–dioxins,
dibenzofurans, and biphenyls. J. Great Lakes Res. 23(1):11–26.

Hermanson, M. H., E. R. Christensen, D. J. Buser, and L. M. Chen, 1991.
Polychlorinated biphenyls in dated sediment cores from Green Bay and Lake
Michigan. J. Great Lakes Res. 17:94–108.

Hewett, S. W. and D. J. Stewart, 1989. Zooplanktivory by alewives in Lake
Michigan: Ontogenetic, seasonal, and historical patterns. Trans. Am. Fish. Soc.
118(6):581–596.

Higgins, I., K. Welch, and C. Burchfiel, 1982. Mortality of Anaconda Smelter
Workers in Relation to Arsenic and Other Exposures. Department of Epidemiology,
University of Michigan, Ann Arbor, Michigan.

Hochstein, J. R., R. J. Aulerich, and S. J. Bursian, 1988. Acute toxicity of 2,3,7,8-
Tetrachlorodibenzo-p-dioxin to mink. Arch. Environ. Contam. Toxicol. 17:33–37.

Hoffman, D. J. and J. Moore, 1979. Teratogenic effects of external egg
applications of methyl mercury in mallard, Anas platyrhynchos. Teratology.
20:453–462.

Hoffman, D. J., C. P. Rice, and T. J. Kubiak, 1996. PCBs and dioxins in birds. In:
Environmental Contaminants in Wildlife Interpreting Tissue Concentrations. W. N.
Beyer, G. H. Heintz, and A. W. Redmon-Norwood (eds). Lewis Publishers,
Boca Raton, Florida. p. 165–207.

Hoffman, D. J., M. J. Melancon, P. N. Klein, J. D. Eisemann, and J. W. Spann,
1998. Comparative developmental toxicity of planar polychlorinated biphenyl
congeners in chickens, American kestrels, and common terns. Environ. Toxicol.
Chem. 17:747–757.



Baseline Human Health and Ecological Risk Assessment

8-20 References

Hoffman, D. J., B. A. Rattner, C. M. Bunck, A. Krynitsky, H. M. Ohlendorf, and
R. W. Lowe, 1986. Association between PCBs and lower embryonic weight in
black-crowned night herons in San Francisco Bay. J. Toxicol. Environ. Health.
19:383–391.

Hogan, J. W. and J. L. Brauhn, 1975. Abnormal rainbow trout fry from eggs
containing high residues of a PCB (Aroclor 1242). Prog. Fish-Cult.
37:229–230.

Holey, M. E., 1995. Progress toward lake trout restoration in Lake Michigan. J.
Great Lakes Res. 21(Suppl. 1):128–151.

Hornbuckle, K. C., D. R. Achman, and S. J. Eisenreich, 1992. Over water and
over land polychlorinated biphenyls (PCBs) in Green Bay, Lake Michigan.
Draft. Prepared for Environmental Science and Technology. February. In:
WDNR, 1993.

Hornshaw T. C., R. J. Aulerich, and H. E. Johnson, 1983. Feeding Great Lakes
fish to mink: Effects on mink and accumulation and elimination of PCBs by
mink. J. Toxicol. Environ. Health. 11:933–946.

Hovinga, M. E., M. Sowers, and H. E. B. Humphrey, 1992. Historical changes in
serum PCB and DDT levels in an environmentally-exposed cohort. Arch.
Environ. Contam. Toxicol. 22:362–366.

Howard, P. H., R. S. Boethling, W. F. Jarvies, W. M. Meylan, and E. M.
Michalenko, 1991. Handbook of Environmental Degradation Rates. Lewis
Publishers, Inc., Chelsea, Michigan. 725 p.

Hoyer, A. P., P. Grandjean, T. Jorgensen, J. W. Brock, and H. B. Hartvig, 1998.
Organochlorine exposure and risk of breast cancer. The Lancet.
352:1816–1820.

Huckabee, J., J. Elwood, and S. Hildebrand, 1979. Accumulation of mercury in
freshwater biota. In: The Biogeochemistry of Mercury in the Environment. J. Nriagu
(ed). Elsevier Press, Amsterdam, The Netherlands. p. 277–302.

Hudson, R. H., R. K. Tucker, and M. A. Haegele, 1984. Handbook of Toxicity of
Pesticides to Wildlife. Resource Publ. 153. United States Fish and Wildlife
Service. 90 p.



Baseline Human Health and Ecological Risk Assessment

References 8-21

Hueper, W. C. and W. W. Payne, 1962. Experimental studies in metal
carcinogenesis: Chromium, nickel, iron, arsenic. Arch. Environ. Health. 5:445.

Humphrey, H. E. B., 1983. Population studies of PCBs in Michigan residents. In:
PCBs: Human and Environmental Hazards. F. M. D’Itri and M. Kamrin (eds).
Butterworth, Boston, Massachusetts.

Humphrey, H. E. B., 1988. Chemical contaminants in the Great Lakes: The
human health aspect. In: Toxic Contaminants ad Ecosystem Health: A Great Lakes
Focus. M. S. Evans (ed) John Wiley and Sons, New York. p. 153–165.

Hurley, J. P., S. E. Cowell, M. M. Shafer, and P. E. Hughes, 1998. Partitioning
and transport of total and methyl mercury in the Lower Fox River, Wisconsin.
Envir. Sci. and Tech. 32:1424–1432.

Hutchison, R., 1994. Fish Consumption by Hmong Households in Sheboygan,
Wisconsin. Prepared for Tecumseh Products Company, Sheboygan Falls,
Wisconsin. September.

Hutchison, R. and C. E. Kraft, 1994. Hmong Fishing Activity and Fish
Consumption. J. Great Lakes Res. 20(2):471–478.

Hutchison, R., 1998. Impacts of PCB Contamination on Subsistence Fishing in the
Lower Fox River. Prepared by Ray Hutchison of ERH Associates for Hagler
Bailly Services, Inc., Boulder, Colorado.

ICF Clement Associates, 1985. Chemical, Physical and Biological Properties of
Compounds Present at Hazardous Waste Sites.

IJC, 1992. Great Lakes Basin Watersheds, Areas of Concern. International Joint
Commission, Windsor, Ontario, Canada.

IPS, 1990. A Biological Study of the Natural “Soft” Substrates of the Lower Fox River,
Wisconsin—1988. Monitoring Study Series Report No. Three to Members of
Group Project 5015.

IPS, 1993a. Benthic Community Component, Fox River Quality Triad Assessment,
1992, Project Data: Project Number One. Integrated Paper Services, Inc.,
Appleton, Wisconsin. June.



Baseline Human Health and Ecological Risk Assessment

8-22 References

IPS, 1993b. Benthic Community Characterization in Little Lake Butte des Morts,
Winnebago County, Wisconsin—1992. Prepared for Wisconsin Department of
Natural Resources, Madison, Wisconsin.

Ishinishi, N., et al., 1977. Preliminary experimental study on carcinogenicity of
arsenic trioxide in rat lung. Environ. Health Perspect. 19:191–196.

Ito, N., H. Nagasaki, M. Arai, S. Makiura, S. Sugihara, and K. Hirao, 1973.
Histopathologic studies on liver tumorigenesis induced in mice by technical
polychlorinated biphenyls and its promoting effect on liver tumors induced by
benzene hexachloride. J. Natl. Cancer Inst. 51(5):1637–1646.

Ito, N., H. Nagasaki, S. Makiura, and M. Arai, 1974. Histopathological studies
on liver tumorigenesis in rats treated with polychlorinated biphenyls. Gann.
65:545–549.

Ivankovic, S., G. Eisenbrand, and R. Pressman, 1979. Lung carcinoma induction
in BD rats after single intratracheal instillation of an arsenic containing
pesticide mixture formerly used in vineyards. Int. J. Cancer. 24:786–788.

Jacobson, J. L., P. M. Schwartz, G. G. Fein, and J. K. Dowler, 1984, Prenatal
exposure to an environmental toxin: A test of the multiple effects model. Dev.
Psychol. 20:523–532.

Jacobson, S. W., G. G. Fein, J. L. Jacobson, P. M. Schwartz, and J. K. Dowler,
1985. The effect of intrauterine PCB exposure on visual recognition memory.
Child Development. 56:856–860.

Jacobson, J. L., S. W. Jacobson, and H. E. B. Humphrey, 1990a. Effects of in utero
exposure to polychlorinated biphenyls and related contaminants on cognitive-
functioning in young children. J. Pediatrics. 116:38–45.

Jacobson, J. L., S. W. Jacobson, and H. E. B. Humphrey, 1990b. Effects of
exposure to PCBs and related compounds on growth and activity in children.
Neurotoxicol Teratol. 12:319–26.

Jacobson, J. L. and S. W. Jacobson, 1996. Intellectual impairment in children
exposed to polychlorinated biphenyls in utero. N. Engl. J. of Medicine.
335:783–789.

Jacquet, P., A. Leonard, and G. B. Gerber, 1976. Action of lead on early divisions
of the mouse embryo. Toxicology. 6:129–132.



Baseline Human Health and Ecological Risk Assessment

References 8-23

Jensen, S., J. E. Kihlstrom, N. Olsson, C. Lundberg, and J. Orberg, 1977. Effects
of PCB and DDT on mink (Mustela vison) during the reproductive season.
Ambio. 6:239.

Johnson, B. L., H. E. Hicks, D. E. Jones, W. Cibulas, A. Wargo, and C. T.
DeRosa, 1998. Public health implications of persistent toxic substances in the
Great Lakes and St. Lawrence basins. J. Great Lakes Res. 24(2):698–722.

Johnson, R. D., J. E. Tietge, K. M. Jensen, J. D. Fernandez, A. L. Linnum, D. B.
Lothenbach, G. W. Holcombe, P. M. Cook, S. A. Christ, D. L. Lattier, and D.
A. Gordon, 1998. Toxicity of 2,3,7,8-tetrachlorodobenzo-p-dioxin to early life
stage brook trout (Salvelinus fontinalis) following parental dietary exposure.
Environ. Toxicol. Chem. 17:2408–2421.

Johnson, W. W. and M. T. Finley, 1980. Handbook of Acute Toxicity of Chemicals to
Fish and Aquatic Invertebrates. Resource Publication 137. United States
Department of the Interior, Fish and Wildlife Service, Washington, D.C.

Jones, M. L., 1995. Limitations to lake trout (Salvelinus namaycush) rehabilitation
in the Great Lakes imposed by biotic interactions occurring at early life stages.
J. Great Lakes Res. 21(Suppl. 1):505–517.

Jones, P. D., J. P. Giesy, J. L. Newsted, D. A. Verbrugge, D. L. Beaver, G. T.
Ankley, D. E. Tillitt, K. B. Lodge, and G. J. Niemi, 1993. 2,3,7,8-
Tetrachlorodibenzo-p-dioxin equivalents in tissues of birds at Green Bay,
Wisconsin, USA. Arch. Environ. Contam. Toxicol. 24:345–354.

Kashimoto, T., T-C. Tung, and G. Ohi, 1981. Role of polychlorinated
dibenzofuran in Yusho (PCB poisoning). Arch. Environ. Health. 36:321–326.

Kennedy, S. W., A Lorenzen, and R. J. Norstrom, 1996. Chicken embryo
hepatocyte bioassay for measuring cytochrome P4501A-based 2,3,7,8-
tetrachlorodibenzo-p-dioxin equivalent concentrations in environmental
samples. Envi. Sci. Technol. 30:706–715.

Kihlstrom, J. E., M. Olsson, S. Jensen, A. Johansson, J. Ahlbom, and A. Bergman,
1992. Effects of PCB and different fractions of PCB on the reproduction of the
mink (Mustela vison). Ambio. 21:563–569.

Kimbrough, R. D., R. E. Linder, and T. B. Gaines, 1972. Morphological changes
in livers of rats fed polychlorinated biphenyls: Light microscopy and
ultrastructure. Arch. Environ. Health. 25:354–364.



Baseline Human Health and Ecological Risk Assessment

8-24 References

Kimbrough, R. D., and R. E. Linder, 1974. Induction of adenofibrosis and
hepatomas of the liver in BALB/cJ mice by polychlorinated biphenyls (Aroclor
1254). J. Natl. Cancer Inst. 53(2):547–552.

Kimbrough, R. D., R. A. Squire, R. E. Linder, J. D. Strandberg, R. J. Montali, and
V. W. Burse, 1975. Induction of liver tumors in Sherman strain female rats by
polychlorinated biphenyls Aroclor 1260. J. Natl. Cancer Inst. 55:1453–1459.

Kimbrough, R. D., 1995. Polychlorinated biphenyls (PCBs) and human health:
an update. Crit. Rev. Toxicol. 25(2):133–163.

Klaverkamp, J., W. MacDonald, W. Lillie, and A. Lutz, 1983. Joint toxicity of
mercury and selenium in salmonid eggs. Arch. Env. Contam. Toxicol.
32:565–569.

Knight, R. L., F. J. Margraf, and R. F. Carline, 1984. Piscivory by walleyes and
yellow perch in western Lake Erie. Trans. Am. Fish. Soc. 113:677–693.

Kociba, R. J. et al., 1978. Results of a two-year chronic toxicity and oncogenicity
study of 2,3,7,8-tetrachlorodibenzo-p-dioxin in rats. Toxicology and Applied
Pharmacology. 46(2):279–303.

Kolok, A. S., J. N. Huckins, J. D. Petty, and J. O. Oris, 1996. The role of water
ventilation and sediment ingestion in the uptake of benzo[a]pyrene in gizzard
shad (Dorosoma cepedianum). Envi. Tox. Chem. 15(10):1752–1759.

Komissarenko, V. P., A. S. Mikosha, and E. P. Polovko, 1997. Action of o,p-DDE
on the ATPase of the adrenal cortex. Prob. Endo. 24:85–89.

Konrad, J. G., 1971. Mercury Content of Various Bottom Sediments, Sewage Treatment
Plant Effluents, and Water Supplies in Wisconsin. Research Report #74, WDNR.
Not seen, as cited in WDNR, 1996.

Koopman-Esseboom, C., N. Weisglas-Kuperus, M. A. J. de Riddert, C. G. Van der
Paauw§, L. G. M. Th. Tuinstra, and P. J. J. Sauer, 1996. Effects of
polychlorinated biphenyl/dioxin exposure and feeding type on infants’ mental
and psychomotor development. Pediatrics. 97(5):700–706.

Kornbrust, D., B. Gillis, B. Collins, T. Goehl, B. Gupta, and B. Schwetz, 1986.
Effects of 1,1-dichloro-2,2-bis(p-chlorophenyl)ethylene (DDE) on lactation in
rats. J. Toxicol. Environ. Health. 17:23–36.



Baseline Human Health and Ecological Risk Assessment

References 8-25

Kostyniak, P. J., C. Stinson, H. B. Greizerstein, J. Vena, G. Buck, and P.
Mendola, 1998. Relation of Lake Ontario Fish Consumption, Lifetime Lactation, and
Parity to Breast Milk PCB and Pesticide Concentrations.

Kubiak, T. J., and D. A. Best, 1991. Wildlife Risks Associated with Passage of
Contaminated Anadromous Fish at Federal Energy Regulatory Commission Licensed
Dams in Michigan. USFWS White Paper. Contaminants Program, Division of
Ecological Serices, United States Fish and Wildlife Service, East Lansing,
Michigan.

Kubiak, T. J., H. J Harris, L. M. Smith, T. R. Schwartz, D. L. Stalling, J. A. Trick,
L. Sileo, D. E. Docherty, and T. C. Erdman, 1989. Microcontaminants and
reproductive impairment of the Forster’s tern on Green Bay, Lake
Michigan—1983. Arch. Environ. Contamin. Toxicol. 18:706–727.

Laarman, P., W. Willford, and J. Olson, 1976. Retention of mercury in the
muscle of yellow perch (Perca flavescens) and rock bass (Ambloplites rupestris).
Trans. Amer. Fish. Soc. 105:296–300.

Lai, T. J., Y. L. Guo, S. J. Chen, M. L. Yu, and C. C. Hsu, 1994. Cognitive
development in Yucheng children. In: Organohalogen Compounds. H. Fiedler, O.
Hutzinger, L. Birnbaum, G. Lambert, L. Needham, and S. Safe (eds).
Department of Environmental and Sanitary Engineering, Kyoto, Japan.
21:513–516.

Lake, J. L., R. J. Pruell, and F. A. Osterman, 1992. An examination of
dechlorination processes and pathways in New Bedford Harbor sediments.
Marine Environ. Res. 33:31–47.

Larsson, P., L. Orla, and L. Collvin, 1993. Reproductive status and lipid content
as factors in PCB, DDT and HCH contamination of a population of pike (Esox
lucius L.). Environ. Toxicol. Chem. 12:855–861.

Laug, E. P., A. A. Nelson, O. G. Fitzhugh and F. M. Kunze, 1950. Liver cell
alteration and DDT storage in the fat of the rat induced by dietary levels of
1–50 ppm DDT. J. Pharmacol. Exp. Therap. 98:268–273.

Lawler, E. M., G. E. Duke, and P. T. Redig, 1991. Effect of sublethal lead
exposure on gastric motility of red-tailed hawks. Arch. Environ. Contam. Toxicol.
21:78–83.



Baseline Human Health and Ecological Risk Assessment

8-26 References

Lehman, A. J., 1965. Summaries of Pesticide Toxicity. Association of Food and Drug
Officials of the United States, Topeka, Kansas.

Leonards, P., T. DeVries, W. Minnaard, S. Stuijfzand, P. DeVoogt, W. Cofino,
N. VanStraalen, and B. VanHattum, 1995. Assessment of experimental data
on PCB-induced reproduction inhibition in mink, based on an isomer- and
congener-specific approach using 2,3,7,8-tetrachlorodibenzo-p-dioxin toxic
equivalency. Environ. Toxicol. Chem. 14:639–652.

Levin, E. D., S. L. Schantz, and R. E. Bowman, 1988. Delayed spatial alteration
deficits resulting from perinatal PCB exposure in monkeys. Arch. Toxicol.
62:267–273.

Levine, S. L., J. T. Oris, and T. E. Wissing, 1995. Influence of environmental
factors on the physiological condition and hepatic ethoxyresorufin
odeethylase (EROD) activity of gizzard shad (Dorosoma cepedianum). Envi. Tox.
Chem. 14(1):123–128.

Linscombe, G., N. Kinler, and R. J. Aulerich, 1982. Mink. In: Wild Mammals of
North America: Biology, Management and Economics. J. A. Chapman and G. A.
Feldhamer (eds). Johns Hopkins University Press, Baltimore, Maryland. p.
629–643.

Loizeau, V. and A. Menesguen, 1993. A steady-state model of PCB accumulation
in dab food web. Oceanoligica Acta. 16:633–640.

Lonky, E., J. Reihman, T. Darvill, J. Mather, Sr., and H. Daly, 1996. Neonatal
behavioral assessment scale performance in humans influenced by maternal
consumption of environmentally contaminated Lake Ontario fish. J. Great
Lakes Res. 22(2):198–212.

Loomis, D., S. R. Browning, A. P. Schenck, E. Gregory, and D. A. Savitz, 1997.
Cancer mortality among electric utility workers exposed to polychlorinated
biphenyls. Occup. Environ. Med. 54:720–728.

Ludke, J. L., E. F. Hill, and M. P. Dieter, 1975. Cholinesterase response and
related mortality among birds fed choliesterase inhibitors. Arch. Environ.
Contam. Toxicol. 3:1–21.

Ludwig, J. P., H. Kurita-Matsuba, H. J. Auman, M. E. Ludwig, C. L. Summer, J.
P. Giesy, D. E. Tillitt, and P. D. Jones, 1996. Deformities, PCBs, and TCDD-
equivalents in double-crested cormorants (Phalacrocorax auritus) and Caspian



Baseline Human Health and Ecological Risk Assessment

References 8-27

terns (Hydroprogne caspia)of the upper Great Lakes 1986–1991: Testing a
cause-effect hypothesis. J. Great Lakes Res. 22:172–197.

Lundholm, E., 1987. Thinning of eggshells of birds by DDE: Mode of action on
the eggshell gland. Comp. Biochem. Physiol. 88C:1–22.

Lynch, E. and D. Webb, 1998. Screening for Chemicals of Concern for the Fox River
Risk Assessment. Memorandum to Bruce Baker, Wisconsin Department of
Natural Resources.

Mac, M. J., 1988. Toxic substances and survival of Lake Michigan salmonids:
Field and laboratory approaches. In: Toxic Contaminants and Ecosystem Health:
A Great Lakes Focus. M. Evans (ed). John Wiley and Sons, New York, New
York. p. 389–401.

Mac, M. J., C. C. Edsall, and J. G. Seelye, 1985. Survival of the lake trout eggs
and fry reared in water from the upper Great Lakes. J. Great Lakes Res.
11:520–529.

Mackay, D., W. Y. Shiu, and K. C. Ma, 1992a. Illustrated Handbook of Physical-
Chemical Properties and Environmental Fate for Organic Chemicals Volume I:
Monoaromatic Hydrocarbons, Chlorobenzenes, and PCBs. Lewis Publishers, Chelsea,
Michigan.

Mackay, D., W. Y. Shiu, and K. C. Ma, 1992b. Illustrated Handbook of Physical-
Chemical Properties and Environmental Fate for Organic Chemicals, Volume II:
Polynuclear Aromatic Hydrocarbons, Polychlorinated Dioxins, and Dibenzofurans.
Lewis Publishers, Chelsea, Michigan.

Madenjian, C. P., S. R. Carpenter, and P. S. Rand., 1994. Why are the PCB
concentrations of salmonine individuals from the same lake so highly variable?
Can. J. Fish. Aquat. Sci. 51:800–807.

Magnuson, J. J. and D. L. Smith, 1987. Final Report to the USEPA Great Lakes
National Program Office and the Sea Grant Program at the University of Wisconsin-
Madison.

Major, M., D. Rosenblatt, and K. Bostian, 1991. The octanol/water partition
coefficient of methylmercuric chloride and methylmercuric hydroxide in pure
water and salt solutions. Environ. Toxicol. Chem. 10:5–8.



Baseline Human Health and Ecological Risk Assessment

8-28 References

Manchester-Neesvig, J. B., A. W. Andren, and D. N. Edgington, 1996. Patterns
of mass sedimentation and of deposition of sediment contaminated by PCBs
in Green Bay. J. Great Lakes Res. 22:444–462.

Manthey, P., 1998. Personal communication of Patricia Manthey, WDNR, with
L. Mortensen, ThermoRetec, regarding bald eagle populations. September.

Marti, E. A., and D. E. Armstrong, 1990. Polychorinated biphenyls in Lake
Michigan tributaries. J. Great Lakes Res. 16:396–405.

Mason, D. M. and S. B. Brandt, 1996. Effect of alewife predation on survival of
larval yellow perch in an embayment of Lake Ontario. Can. J. Fish. Aquat. Sci.
53:1609–1617.

Mason, C. F. and S. M. MacDonald, 1986. Otters: Ecology and Conservation.
Cambridge University Press, New York. 236 p.

Masuda, Y., 1994. The Yusho rice oil poisoning incident. In: Dioxins and Health.
A. Schecter (ed). Plenum, New York. p. 633–659.

Matilainen, T., M. Verta, N. Niemi, and A. Rauva-Uusi, 1991. Specific rates of
net methylmercury production in lake sediments. Water, Air, Soil Pollut.
56:595–605.

Matteson, S. W., 1988. Wisconsin Common Tern Recovery Plan. Wisconsin
Endangered Resources Report 41. Bureau of Endangered Resources, Wisconsin
Department of Natural Resources, Madison, Wisconsin.

Matteson, S. W., 1998. Personal communication of Sumner Matteson, WDNR,
with L. Mortensen, ThermoRetec, regarding double-crested cormorant
population levels. October.

Matthews, H. B. and M. W. Anderson. 1975. Effect of chlorination on the
distribution and excretion of polychlorinated biphenyls. Drug Metab. Dispos.
3(5):371–380.

McClain, R. M., 1989. The significance of hepatic microsomal enzyme induction
and altered thyroid function in rats: implications for thyroid gland neoplasia.
Toxicol. Pathol. 17:294–306.



Baseline Human Health and Ecological Risk Assessment

References 8-29

McFarland, V. A. and J. U. Clarke, 1989. Environmental occurrence, abundance,
and potential toxicity of polychlorinated biphenyl congeners: Considerations
for a congener-specific analysis. Environ. Hlth. Perspect. 81:225–239.

McGregor, Douglas B. et al., 1998. An IARC evaluation of polychlorinated
dibenzo-p-dioxins and polychlorinated dibenzofurans as risk factors in human
carcinogenesis. Environmental Health Perspectives Supplements. 106:2. April.

McKim, J., P. Schmieder and G. Veith, 1985. Absorption dynamics of organic
chemical transport across trout gills as related to octanol-water partition
coefficient. Tox. and App. Pharm. 77:1–10.

McKim J., G. Olson, G. Holcombe, and E. Hunt, 1976. Long-term effects of
methylmercuric chloride on three generations of brook trout (Salvelinus
fontinalis): Toxicity, accumulations, distribution and elimination. J. Fish Res.
Bd. Can. 33:2726–2739.

McMurtry, M., D. Wales, W. Scheider, G. Beggs, and P. Diamond, 1989.
Relationship of mercury concentrations in lake trout (Salvelinus namayacush)
and smallmouth bass (Micropterus dolomieui) to the physical and chemical
characteristics of Ontario lakes. Can. J. Aquat. Sci. 46:426–434.

Meili, M., 1991. The coupling of mercury and organic matter in the
biogeochemical cycle—towards a mechanistic model for the boreal forest zone.
Water, Air, Soil Pollution. 56:333–347.

Meili, M., T. Iverfeldt, and L. Hokanson, 1991. Mercury in the surface water of
Swedish forest lakes—concentrations, speciation and controlling factors.
Water, Air, Soil Pollution. 56:439–453.

Mendenhall, W. and T. Sincich, 1988. Statistics for the Engineering and Computer
Sciences. Dellen Publishing Company. San Francisco, California.

Meyer, M. W., D. C. Evers, T. Daulton, and W. E. Braselton, 1995. Common
loons (Gavia immer) nesting on low pH lakes in northern Wisconsin have
elevated blood mercury content. Water Air Soil Pollut. 80:871–880.

Meyers, G., D. Marsh, C. Cox, P. Davidson, E. Cernichiari, T. Clarkson, O.
Choisy, and C. Shamlaye, 1994. Enrollment and development at 6 months.
Abstract of the Twelfth International Neurotoxicology Conference.
Neurotoxicology. 44:1017–1022.



Baseline Human Health and Ecological Risk Assessment

8-30 References

Mills, E. L., R. O’Gorman, E. F. Roseman, C. Adams, and R. W. Owens, 1995.
Planktivory by alewife (Alosa pseudoharengus) and rainbow smelt (Osmerus
mordax) on microcrustacean zooplankton and dreissenid (Bivalvia dreissenidae)
in southern Lake Ontario. Can. J. Fish. Aquat. Sci. 52(5):925–935.

Montgomery, J. H., 1996. Groundwater Chemicals Desk Reference. Second Edition.
Lewis Publishers, Boca Raton, Florida.

Morgan, G. W., F. W. Edens, P. Thaxtona, and C. R. Parkhurst, 1975. Toxicity
of dietary lead in Japanese quail. Poult. Sci. 54:1636.

Morgan, R. W., J. M. Ward, and P. E. Hartman, 1981. Aroclor 1254 induced
intestinal metaplasia and adenocarcinoma in the glandular stomach of F344
rats. Cancer Res. 41:5052–5059.

Morton, W., G. Starr, D. Pohl, J. Stoner, S. Wagner, and P. Weswig, 1976. Skin
cancer and water arsenic in Lane County, Oregon. Cancer. 37:2523–2532.

Mossman, M. J., 1988. Wisconsin Forster’s Tern Recovery Plan. Wisconsin
Endangered Resources Report 42. Bureau of Endangered Resources, Wisconsin
Department of Natural Resources, Madison, Wisconsin.

Muth, K. M. and W. D. N. Busch, 1989. Food of forage fishes in western Lake
Erie. J. Great Lakes Res. 15(2):217–222.

NAS (National Academy of Sciences), 1979. Arsenic. United States National
Academy of Sciences, National Research Council, Subcommittee on Arsenic.
University Park Press, Baltimore, Maryland.

NCI (National Cancer Institute)/DHEW, 1978. Bioassay of DDT, TDE and p,p’-
DDE for Possible Carcinogenicity. NCI Report No. 131. DHEW Publ. No. (NIH)
78-1386.

Nelson, A. A. and G. Woodard, 1949. Severe adrenal cortical atrophy (cytotoxic)
and hepatic damage produced in dogs by feeding 2,2-bis-(parachlorophenyl)-
1,1-dichloroethane (DDD or TDE). Arch. Pathol. 48:387–394.

Nelson, T. A., 1998. Correspondence between Thomas Nelson, Oneida Tribe, and
Dave Webb, WDNR, dated December 23, 1998 regarding fish in the Duck
Creek and Suamico tributaries.



Baseline Human Health and Ecological Risk Assessment

References 8-31

Newsted, J. L., J. P. Giesy, G. T. Ankley, D. E. Tillitt, R. A. Crawford, J. W.
Gooch, P. D. Jones, and M. S. Denison, 1995. Development of toxic
equivalency factors for PCB congeners and the assessment of TCDD and PCB
mixtures in rainbow trout. Environ. Toxicol. Chem. 14:861–871.

Niimi, A. J., 1996. PCBs in aquatic organisms. In: Environmental Contaminants in
Wildlife Interpreting Tissue Concentrations. W. N. Beyer, G. H. Heintz, and A. W.
Redmon-Norwood (eds). Lewis Publishers, Boca Raton, Florida. p. 117–152.

NOAA, 1998. Upper Green Bay Navigational Chart. Chart 14909. National
Oceanic and Atmospheric Administration. United States Department of
Commerce, Washington, D.C.

Norback, D. H., and R. H. Weltman, 1985. Polychlorinated biphenyl induction
of hepatocellular carcinoma in the Sprague-Dawley rat. Environ. Health Perspect.
60:97–105.

Nortier, J. W., B. Sangster, and R. G. Van Kestern, 1980. Acute lead poisoning
with hemolysis and liver toxicity after ingestion of red lead. Vet. Hum. Toxicol.
22:145–147.

NRCC (National Resources Council of Canada), 1978. Effects of Arsenic in the
Canadian Environment. National Resources Council of Canada, Publication No.
NRCC 15391.

NTP (National Toxicology Program), 1983. Carcinogenesis Studies of Polybrominated
Biphenyl Mixture (Firemaster FF1) (CAS No. 67774 32 7) in F344/N Rats and
B6C3F1 Mice (Gavage Studies). NTP Tech. Rep. Ser. No. 244. Research
Triangle Park, North Carolina.

Oakley, G. G., U. Devanaboyina, L. W. Robertson, and R. C. Gupta, 1996.
Oxidative DNA damage induced by activation of polychlorinated biphenyls
(PCBs): Implications for PCB-induced oxidative stress in breast cancer. Chem.
Res. Toxicol. 9(8):1285–1292.

Odin, M., A. Feurtett-Mazel, F. Ribeyre, and A. Boudou, 1995. Temperature, pH
and photoperiod effects on mercury bioaccumulation by nymphs of the
burrowing mayfly Hexagenia rigida. Water, Air, and Soil Pollution.
80:1003–1006.

Olafsson, P. G., A. M. Bryan, B. Bush, and W. Stone, 1983. Snapping turtles—A
biological screen for PCBs. Chemosphere. 12:1525–1532.



Baseline Human Health and Ecological Risk Assessment

8-32 References

Oliver B. G. and A. J. Niimi, 1988. Trophodynamic analysis of polychlorinated
biphenyl congeners and other chlorinated hydrocarbons in the Lake Ontario
ecosystem. Environ. Sci. Technol. 22:388–397.

Omer, V. V., 1970. Chronic and acute toxicity of the chlorinated hydrocarbon
insecticides in mammals and birds. Can. Vet. J. 11:215–226.

Osborn, D., W. J. Eney, and K. R. Bull, 1983. The toxicity of trialkyl lead
compounds to birds. Environ. Pollut. 31:261–275.

Palmer, R. S., 1988. Handbook of North American Birds. Volume 4. Yale University
Press, New Haven, Connecticut.

Pao, E. M., K. H. Fleming, P. M. Guenther, and S. J. Mickle, 1982. Foods
Commonly Eaten by Individuals: Amount per Day and per Eating Occasion. U.S.
Department of Agriculture. Home Economics Report No. 44.

Peakall, D. B., 1996. Dieldrin and other cyclodiene pesticides in wildlife. In:
Environmental Contaminants in Wildlife, Interpreting Tissue Concentrations. W. N.
Beyer, G. H. Heintz, and A. W. Redmon-Norwood (eds.). SETAC. Lewis
Publishers, Boca Raton, Florida. p. 73–97.

Peakall, D., 1993. Animal Biomarkers as Pollution Indicators. Ecotoxicology Series
1. Chapman and Hall, London, England.

Pelka, A., 1998. Bioaccumulation models and applications: Setting sediment
cleanup goals in the Great Lakes. Proceedings of the National Sediment
Bioaccumulation Conference.

Pennsylvania Game Commission, 1998. Personal communication with M.
Shockey (Pennsylvania Game Commission) by C. Traynor, September 24.

Persson, L., V. Harris, C. Lukas, J. Christie, H. J. Harris, L. Meyers, J. Sullivan,
P. Allen, and R. Baba, 1988. Lower Green Bay Remedial Action Plan for the Lower
Fox River and Lower Green Bay Area of Concern. Publ-WR-175-87 REV 88.
Wisconsin Department of Natural Resources. February.

Petersen, D., M. Kanarek, M. Kuykendall, J. Diedrich, H. Andersen, P.
Remington and T. Sheffy, 1994. Fish consumption patterns and blood
mercury levels in Wisconsin Chippewa Indians. Archives of Environmental
Health. 49:53–58.



Baseline Human Health and Ecological Risk Assessment

References 8-33

Phillips, D. L., A. B. Burse, G. K. Steele, L. L. Needham, and W. H. Hannon,
1989. Half-life of PCBS in occupationally exposed workers. Arch. Environ.
Health. 44(6):351–354.

Platonow, N. S. and L. H. Karstad, 1973. Dietary effects of polychlorinated
biphenyls on mink. Can. J. Comp. Med. 37:391–400.

Potts, R. and R. Guy, 1992. Predicting skin permeability. Pharmacol. Research.

Prouix, G., D. V. C. Wesloh, J. E. Elliott, S. Teeple, P. A. M. Angehern, and P.
Mineau, 1987. Organochlorine and PCB residues in Lake Erie mink
populations. Bull. Environ. Contam. Toxicol. 39:939–944.

Rao, C. V., and A. S. Banerji, 1988. Induction of liver tumors in male Wistar rats
by feeding polychlorinated biphenyls (Aroclor 1260). Cancer Lett. 39:59–67.

Redig, P. T., E. M. Lawler, S. Schwartz, J. L. Dunnette, B. Stephenson, and G. E.
Duke, 1991. Effects of chronic exposure to sublethal concentrations of lead
acetate on heme synthesis and immune function in red-tailed hawks. Arch.
Environ. Contam. Toxicol. 21:72–77.

Reiser, M. H. and S. A. Temple, 1981. Effects of chronic lead ingestion on birds
of prey. In: Recent Advances in the Study of Raptor Diseases. J. E. Cooper and A.
G. Greenwood (eds). Chiron Publications, Ltd., West Yorkshire, England. p.
21–25.

Restum, J. C., S. J. Bursian, J. P. Giesy, J. A. Render, W. G. Helferich, E. B. Shipp,
D. A. Verbrugge, 1998. Mulitgenerational study of the effects of consumption
of PCB-contaminated carp from Saginaw Bay, Lake Huron, on mink, 1: Effects
on mink reproduction, kit growth and survival, and selected biological
parameters. J. Environ. Toxicol. Environ. Health. 54:343–375.

RETEC, 1998. Screening Level Human Health and Ecological Risk Assessment. Lower
Fox River Site, Wisconsin. Prepared for Wisconsin Department of Natural
Resources by Remediation Technologies, Inc., Seattle, Washington. June 15.

Riemsdijk, Willem H. van and Tjisse Hiemstra, 1993. Adsorption to Heterogenous
Surfaces—Metals in Groundwater. Lewis Publishers, Boca Raton, Florida.

Rogan, W. J. and B. C. Gladen, 1985. Study of human lactation for effects of
environmental contaminants: The North Carolina breast milk and formula
project and some other ideas. Env. Health Perspect. 60:215–221.



Baseline Human Health and Ecological Risk Assessment

8-34 References

Rogan, W. J., B. C. Gladen, K. Hung, S. Koong, L. Shih, J. S. Taylor, Y. Wu, D.
Yang, N. B. Ragan, and C. Hsu, 1988. Congenital poisoning by
polychlorinated biphenyls and their contaminants in Taiwan. Science.
241:334–336.

Rom, W. N., 1976. Effects of lead on female reproduction: A review. Mt. Sinai J.
Med. 43:542–552.

Rossi, R., M. Ravera, G. Repetti, and L. Santi, 1977. Long-term administration
of DDT or phenobarbitol-Na in wistar rats. Int. J. Cancer. 19:179–185.

Rothman, N., K. P. Cantor, A. Blair, D. Bush, J. W. Brock, K. Helzlsouer, S. H.
Zahm, L. L. Needham, G. R. Pearson, R. N. Hoover, G. W. Comstock, and P.
T. Strickland, 1997. A nested case-control study of non-Hodgkin lymphoma
and serum organochlorine residues. Lancet. 350:240–244.

Rottiers, D. V. and R. M. Tucker, 1982. Proximate composition and caloric
content of eight Lake Michigan fishes. USFWS Technical Paper. United States
Fish and Wildlife Service. 8 p.

Ruelle, R., 1986. Indicator Organisms and Evaluators of PCB Migrations from a
Superfund Site. Hazardous Materials Spills Conference.

Safe, S., 1992. Development, validation, and limitations of toxic equivalency
factors. Chemosphere 25:61–64.

Safe, S., 1991. Polychlorinated dibenzo-p-dioxins and related compounds:
Sources, environmental distribution and risk assessment. Environ. Carcino. &
Ecotox. Revs. C9(2):261–302.

Safe, S., 1990. Polychlorinated biphenyls (PCBs), dibenzo-p-dioxins (PCDDs),
dibenzofurans (PCDFs), and related compounds: Environmental and
methanistic considerations which support the development of toxic
equivalency factors (TEFs). Critical Rev. Toxicol. 21:51–88.

SAIC (Science Applications International Corporation), 1995. Fish Consumption
Estimates Based on the 1991–1992 Michigan Sport Anglers Fish Consumption
Survey. Prepared for the U.S. Environmental Protection Agency, EPA Contract
Number 68-C4-0046, Work Assignment 0-4.



Baseline Human Health and Ecological Risk Assessment

References 8-35

Schaeffer, E., H. Greim, and W. Goessner, 1984. Pathology of chronic
polychlorinated biphenyl (PCB) feeding in rats. Toxicol. Appl. Pharmacol.
75:278–288.

Schantz, S. L., E. D. Levin, and R. E. Bowman, 1989. Effects of perinatal PCB
exposure on discrimination-reversal learning in moneys. Neurotox. Teratol.
11:243–250.

Schantz, S. L., E. D. Levin, and R. E. Bowman, 1991. Long-term neurobehavorial
effects of perinatal polychlorinated biphenyl exposure in monkeys. Environ.
Toxicol. Chem. 10(6):747–756.

Schantz, S. L., A. M. Sweeney, J. C. Gardiner, H. E. B. Humphrey, R. J.
McCaffrey, D. M. Gasiour, K. R. Srikanth, and M.L. Budd, 1996.
Neurophysiological assessment of an aging population of Great Lakes
fisheaters. Toxicology and Industrial Health. 12:403–417.

Schantz, S. L., J. C. Gardiner, D. M. Gasiour, K. R. Srikanth, H. E. B. Humphrey,
and R. J. McCaffrey, 1997. Fine motor function in aging Great Lakes
fisheaters. Health Conference ‘97 Great Lakes and St. Lawrence. Montreal, Quebec,
Canada.

Schrauser, G. N., J. E. White, J. E. McGinness, C. J. Schneider, and L. J. Bell,
1978. Arsenic and cancer: Effects of joint administration of arsenite and
selenite on the genesis of mammary adenocarcinoma in inbred female C3H/ST
mice. Bioorg. Khim. 9:245–253.

Schroeder, H. A. and M. Mitchner, 1971. Toxic effects of trace elements on the
reproduction of mice and rats. Arch. Environ. Health. 23:102–106.

Scott, W. B. and E. J. Crossman, 1973. Freshwater Fishes of Canada. Bulletin 184.
Department of Fisheries and Oceans, Fisheries Research Board of Canada,
Ottawa. 966 p.

Shain, W., B. Bush, and R. Seegal, 1991. Neurotoxicity of polychlorinated
biphenyls: Structure-activity relationship of individual congeners. Toxicol. Appl.
Pharmacol. 111:33–42.

Sheperd, W. C. and E. L. Mills, 1996. Diel feeding, daily food intake, and
daphnia consumption by age-0 gizzard shad in Oneida Lake, New York. Trans.
Am. Fish. Soc. 125:411–421.



Baseline Human Health and Ecological Risk Assessment

8-36 References

Silberhorn, E. M., H. P. Glauert, and L. W. Robertson, 1990. Carcinogenicity of
polyhalogenated biphenyls: PCBs and PBBs. Crit. Rev. Toxicol. 20(6):439–496.

Silver, A. S. and P. L. Wainman, 1952. Chronic arsenic poisoning following use
of an asthma remedy. JAMA. 150:584.

Sinks, T., G. Steele, A. B. Smith, K. Watkins, and R. A. Shults, 1992. Mortality
among workers exposed to polychlorinated biphenyls. Am. J. Epidemiol.
136(4):389–398.

Sittig, M., 1991. Handbook on Toxic and Hazardous Chemicals and Carcinogens. Third
Edition. Noyes Publications, Park Ridge, New Jersey.

Smith, B. J., 1984. PCB Levels in Human Fluids: Sheboygan Case Study. Technical
Report WIS-SG-83-240. University of Wisconsin Sea Grant Institute,
Madison, Wisconsin.

Smith, P. L., R. A. Ragotzkie, R. A. W. Andren, and H. J. Harris, 1988. Estuary
rehabilitation: The Green Bay story. Oceanus. 31(3):12–20.

Smith, S. L., D. D. MacDonald, K. A. Keenleyside, C. G. Ingersoll, and L. J. Field,
1996. A preliminary evaluation of sediment quality assessment values for
freshwater ecosystems. J. Great Lakes Res. 22:624–638.

Sokol, R. C., C. M. Bethaney and G. Rhee, 1998a. Reductive dechlorination of
preexisting sediment polychlorinated byphenyls with long-term laboratory
incubation. Envir. Tox. and Chem. 17(6):982–987.

Sokol, R. C., C. M. Bethoney and G. Rhee, 1998b. Effect of Aroclor 1248
concentration on the rate and extent of polychlorinated biphenyl
dechlorination. Envir. Tox. and Chem. 17(10):1922–1926.

Stachiw, N. C., M. E. Zabik, A. M. Booren and M. J. Zabik, 1988.
Tetrachlorodibenzo-p-dioxin residue reduction through cooking/processing of
restructured carp fillets. J. Agric. Food Chem. 36:848–852.

Stanley, T. R., J. W. Spann, G. L. Smith, and R. Rosscoe, 1994. Main and
interactive effects of arsenic and selenium on mallard reproduction and
duckling growth and survival. Arch. Environ. Contam. Toxicol. 26:444–451.

Steele, G., P. Stehr-Green, and E. Welty, 1986. Estimates of the biological half-
life of PCBS in human serum. New Eng. J. Med. 314(14):926–927.



Baseline Human Health and Ecological Risk Assessment

References 8-37

Steuer, J. J., Memorandum to Tom Sheffy, Little Lake Butte des Morts; Bergstrom
Landfill. WDNR. December 20.

Steuer, J., S. Jaeger, and D. Patterson, 1995. A Deterministic PCB Transport Model
for the Lower Fox River Between Lake Winnebago and De Pere, Wisconsin. Pub. WR
389-95. Wisconsin Department of Natural Resources. 283 p.

Stohl, R. and K Erdmann, 1990. Preliminary Green Bay Mass Balance Groundwater
Monitoring Reports (An Assessment of the Bayshore Landfill). WDNR.

Stohl, R. and K Erdmann, 1992. Green Bay Mass Balance Groundwater Monitoring
Results. WDNR.

Storm, J. E., J. L. Hart, R. F. Smith, 1981. Behavior of mice after pre- and
postnatal exposure to Arclor 1254. Neurobehav. Toxicol. Teratol. 3:5–9.

Sullivan, J. R. and J. J. Delfino, 1982. A Select Inventory of Chemicals Used in
Wisconsin’s Lower Fox River Basin. WIS-SG-82-238. University of Wisconsin
Sea Grant Institute. 176 p.

Suter, G. W., 1993. Exposure. In: Ecological Risk Assessment. G. W. Suter (ed).
Lewis Publishers, Boca Raton, Florida. p. 153–172.

Sweet, C. W., T. J. Murphy, J. H. Bannasch, C. A. Kelsey, and J. Hong, 1991.
Atmospheric deposition of PCBs into Green Bay. Annual Meeting of the Air and
Waste Management Association. Vancouver, British Columbia, Canada. June 16–21.
Abstract only. 116 p.

ThermoRetec, 1998. Remedial Investigation, Lower Fox River, Wisconsin. Prepared for
Wisconsin Department of Natural Resources by ThermoRetec, St. Paul,
Minnesota and Natural Resources Technology, Inc., Peuaukee, Wisconsin.

Thomann, R. V., 1989. Bioaccumulation model of organic chemical distribution
in aquatic food chains. Env. Sci. Technol. 23:699–707.

Tietge, J. E., R. D. Johnson, K. M. Jensen, P. M. Cook, G. E. Elonen, J. D.
Fernandez, G. W. Holcombe, D. B. Lothenbach, and J. W. Nichols, 1998.
Reproductive toxicity and disposition of 2,3,7,8-tetrachlorodibenzo-p-dioxin
in adult brook trout (Salvelinus fontinalis) following a dietary exposure. Envi.
Tox. Chem. 17:2395–2407.



Baseline Human Health and Ecological Risk Assessment

8-38 References

Tilden, J., L. P Hanrahan, H. Anderson, C. Palit, J. Olson, W. MacKenzie, and
the Great Lakes Sport Fish Consortium, 1997. Health advisories for
consumers of Great Lakes sport fish: Is the message being received?
Environmental Health Perspectives. 105(12):1360–1365.

Tillitt, D. E., G. T. Ankley, J. P. Giesy, and G. T. Ankley, 1991. Characterization
of the H4IIE rat hepatoma cell bioassay as a tool for assessing toxic potency
of planar halogenated hydrocarbons in environmental samples. Environ. Sci.
Technol. 25:87–92.

Tillitt, D. E., G. T. Ankley, D. A. Verbrugge, J. P. Giesy, J. P. Ludwig, and T. J.
Kubiak, 1991. H4IIE Rat hepatoma cell bioassay–derived 2,3,7,8–
tetrachlorodibenzo– p–dioxin equivalents in colonial fish–eating waterbird eggs
from the Great Lakes. Environ. Contam. Toxicol. 21:91–101.

Tillitt, D., R. Gale, J. Meadows, J. Zajicek, P. Peterman, S. Heaton, P. Jones, S.
Bursian, T. Kubiak, J. Giesy, and R. Aulerich, 1996. Dietary exposure of mink
to carp from Saginaw Bay, 3: Characterization of dietary exposure to planar
halogenated hydrocarbons, dioxin-equivalenets, and biomagnification. Environ.
Sci. Technol. 30(1)283–291.

Tillitt, D. E., G. T. Ankley, J. P. Giesy, J. P. Ludwig, H. Kurita-Matsuba, D. V.
Weseloh, P. S. Ross, C. Bishop, L. Sileo, K. L. Stromberg, J. Larson, and T. J.
Kubiak, 1992. Polychlorinated biphenyl residues and egg mortality in
double-crested cormorants from the Great Lakes. Environ. Toxicol. Chem.
11:1281–1288.

Tomatis, L., V. Turusov, R. T. Charles and M. Boicchi, 1974. Effect of long-term
exposure to 1,1-dichloro-2,2-bis(p-chlorophenyl)-ethylene, to 1,1-dichloro-2,2-
bis(p-chlorophenyl)-ethane, and to the two chemicals combined on CF-1 mice.
J. Natl. Cancer Inst. 52(3):883–891.

Treon, J. F. and F. P. Cleveland, 1955. Toxicity of certain chlorinated
hydrocarbon insecticides for laboratory animals with special reference to aldrin
and dieldrin. J. Agric. Food Chem. 3:402–408.

Tryphonos, H., et al., 1989. Immunotoxicity Studies of PCB (Aroclor 1254) in
the Adult Rhesus (Macaca mulatta) Monkey—Preliminary Report. Int. J.
Immunopharmacol. 11:199–206.



Baseline Human Health and Ecological Risk Assessment

References 8-39

Tryphonos, H., et al., 1991a. Effect of chronic exposure of PCB (Aroclor 1254)
on specific and nonspecific immune parameters in the rhesus (Macaca mulatta)
monkey. Fund. Appl. Toxicol. 16(4):773–786

Tryphonos, H., et al., 1991b. Effects of PCB (Aroclor 1254) on non-specific
immune parameters in rhesus (Macaca mulatta) monkeys. Int. J.
Immunopharmacol. 13(6):639–648.

Tseng, W. P., 1977. Effects and dose-response relationships of skin cancer and
Blackfoot disease with arsenic. Environ. Health Perspect. 19:109–119.

University of Oxford, 1998. DDT a Banned Insecticide.
Http://www.chem.ox.ac.uk/mom/ddt/ddt.html.

USFWS (U.S. Fish and Wildlife Service), 1995. Biological Opinion on the Effects of
the Great Lakes Water Quality Guidance on Endangered Species. Opinion submitted
pursuant to Section 7 of the Endangered Species Act to the U.S. EPA.
February 21. Ecological Services Chicago Field Office, U.S. Fish and Wildlife
Service, U.S. Department of the Interior.

USACE (United States Army Corps of Engineers), 1998. Lake Winnebago Facts
Book. Internet publication. http://superior.lre.usace.army.mil/COASTAL/
lwfacts.html.

USGS (United States Geologic Survey), 1998. http://waterdata.usgs.gov/nwis-w/
WI/?statnum.

Vallee, B. L., D. D. Ulmer, and W. E. C. Wacker, 1960. Arsenic Toxicology and
chemistry. Arch. Ind. Health. 21:132–151.

Van Raalte, H. G. S., 1977. Human experience with dieldrin in perspective.
Ecotox. Environ. Saf. 1:203–210.

Velleux, M., and D. Endicott, 1994. Estimating PCB export from the lower Fox
River to Green Bay. J. Great Lakes Res. 20:416–434.

Velleux, M., D. Endicott, J. Steuer, S. Jaeger, and D. Patterson. 1995. Long-term
Simulation of PCB Export from the Fox River to Green Bay. Journal of Great
Lakes Research. 21(3):359-372. International Association of Great Lakes
Research.



Baseline Human Health and Ecological Risk Assessment

8-40 References

Virgo, B. B. and G. D. Bellward, 1975. Effects of dietary dieldrin on reproduction
in the Swiss-Vancouver (SWV) mouse. Environ. Physiol. Biochem. 5:440–450.

Walker, A. I. T., D. E. Stevenson, J. Robinson, E. Thorpe, and M. Roberts, 1969.
The toxicology and pharmacodynamics of dieldrin (HEOD): Two year oral
exposures of rats and dogs. Toxicol. Appl. Pharmacol. 15:345–373.

Walker, A. I. T., E. Thorp, and D. E. Stevenson, 1972. The toxicology of dieldrin;
long-term studies in mice. Food Cosmet. Toxicol. 11:415.

Walker, M. K. and R. E. Peterson, 1991. Potencies of polychlorinated dibenzo-p-
dioxin, dibenzofuran, and biphenyl congeners, relative to 2,3,7,8-
tetrachlorodibenzo-p-dioxin, for producing early life stage mortality in rainbow
trout (Oncorhynchus mykiss). Aquat. Toxicol. 21:219–238.

Walker, M. K. and R. E. Peterson, 1994. Toxicity of 2,3,7,8-
tetrachlorodibenzo-p-dioxin, to brook trout (Salvelinus fontinalis) during early
development. Environ. Toxicol. Chem. 13:817–820.

Walker, M. K., L. Hufnagle, M. Clayton,and R. Peterson, 1991a. An egg injection
method for assessing early life stage mortality of polychlorinated dibenzo-p-
dioxins, dibenzofurans, and biphenyls in rainbow trout, (Oncorhynchus mykiss).
Aquat. Toxicol. 22:15–38.

Walker, M. K., J. Spitsbergen, J. Olson, and R. Peterson, 1991b. 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD) toxicity during early life stage
development of lake trout (Salvelinus namaycush). Can. J. Fish. Aquat. Sci.
48:875–883.

Walker, M. K., P. M. Cook, B. C. Butterworth, E. W. Zabel, and R. E. Peterson,
1996. Potency of a complex mixture of polychlorinated dibenzo-p-dioxin,
dibenzofuran, and biphenyl congeners compared to 2,3,7,8-
tetrachlorodibenzo-p-dioxin in causing fish early life stage mortality. Fund.
Applied Tox. 30:178–186.

Ward, J. M., 1985. Proliferative lesions of the glandular stomach and liver in
F344 rats fed diets containing Aroclor 1254. Environ. Health Perspect.
60:89–95.

WDH/WDNR (Wisconsin Division of Health and Wisconsin Department of
Natural Resources), 1998. Important Health Information for People Eating Fish
from Wisconsin Waters. PUB No FH824 98Rev.



Baseline Human Health and Ecological Risk Assessment

References 8-41

WDNR (Wisconsin Department of Natural Resources), 1970. Reproduction and
Early Life History of the Walleye in the Lake Winnebago Region. Technical Bulletin
45. Wisconsin Department of Natural Resources. Madison, Wisconsin. 101
p.

WDNR, 1988. Lower Green Bay Remedial Action Plan for the Lower Fox River and
Lower Green Bay Area of Concern. WDNR Publication PUBL-WR-175-87, Rev
88.

WDNR, 1990. WPDES Permit Records Summary for RAP Update Evaluation.
Available from WDNR NER Office.

WDNR, 1992. Guidance for Assessing Ecological Impacts and Threats from
Contaminated Sediments. PUBL-WR-321-93. Sediment Management and
Remediation Techniques Program, Bureau of Water Resources Management,
Wisconsin Department of Natural Resources.

WDNR, 1993. The Lower Green Bay Remedial Action Plan 1993 Update for the Lower
Green Bay and Fox River Area of Concern. Wisconsin Department of Natural
Resources Bureau of Water Resources, Madison, Wisconsin.

WDNR, 1995. A Deterministic PCB Transport Model for the Lower Fox River Between
Lake Winnebago and De Pere, Wisconsin. WDNR Publication WR 389-95.
Wisconsin Department of Natural Resources, Green Bay, Wisconsin.

WDNR, 1996. Integrated Sediment Quality Assessment for the Lower Fox River/Lower
Green Bay Area of Concern: 1996 Triad Assessment and Other Considerations Made
for the Sediment Quality in the Lower Fox River, Green Bay, Wisconsin. Wisconsin
Department of Natural Resources, Green Bay, Wisconsin.

WDNR, 1998. Fox River and Green Bay PCB Fate and Transport Model Evaluation,
Technical Memorandum 2d: Compilation and Estimation of Historical Discharges of
Total Suspended Solids and PCB from Fox River Point Sources. Draft. Wisconsin
Department of Natural Resources. June 3.

Weber, J. J. and K. J. Otis, 1984. Life History of Carp in the Lake Winnebago System,
Wisconsin. WDNR Report 131. Wisconsin Department of Natural Resources,
Madison, Wisconsin. 27 p.

Weis, P. and J. S. Weis, 1991. Metal ecotoxicology: Concepts & application. In:
The Developmental Toxicity of Metals and Metalloids in Fish. M. C. Newman and
A. W. McIntosh (eds). Lewis Publishers, Boca Raton, Florida. 399 p.



Baseline Human Health and Ecological Risk Assessment

8-42 References

Wells, L. and S. C. Jorgenson, 1983. Population Biology of Yellow Perch in Southern
Lake Michigan, 1971–1979. Technical Paper of the U.S. Fish and Wildlife
Service No. 109.

Weseloh, D. V., P. J. Ewins, C. A. Bishop, J. Struger, and P. Mineau, 1994.
Double-crested cormorants (Phalacrocorax auritus) of the Great Lakes: Changes
in population size, breeding distribution and reproductive output, 1913–1991.
In: the Double-crested Cormorant: Biology, Conservation and Management. D. N.
Nettleship and D. C. Duffy (eds). Colonial Waterbirds. 18(Special
Publication):48–59.

West, C. W., G. T. Ankley, J. W. Nichols, G. E. Elonen, and D. E. Nessa, 1996.
Toxicity and bioaccumulation of 2,3,7,8-tetrachlorodibenzo-p-dioxin in long-
term tests with the freshwater benthic invertebrates Chironomus tentans and
Lumbriculus variegatus. Environ. Toxicol. Chem. 16:1287–1294.

West, P.C., J. M. Fly, R. Marans and F. Larkin, 1989.  Michigan Sport Anglers Fish
Consumption Survey. Natural Resources Sociology Research Lab, Technical
Report #1.

West, P. C., J. M. Fly, R. Marans, F. Larkin, and D. Rosenblatt, 1993. 1991–92
Michigan Sport Anglers Fish Consumption Study. Final report to the Michigan
Great Lakes Protection Fund, Michigan Department of Natural Resources.
May.

Wester, R. C., D. A. W. Bucks, H. I. Maibach, and J. Anderson, 1983.
Polychlorinated biphenyls (PCBs): Dermal absorption, systemic elimination,
and dermal wash efficiency. J. Toxicol. Environ. Health. 12:511–519.

Wester, R. C., M. Mobayen, and H. I. Maibach, 1987. Invivo and invitro
absorption and binding to powdered stratum corneum as methods to evaluate
skin absorption of environmental chemical contaminants from ground and
surface water. J. Toxicol. Environ. Health. 21:367–374.

Wester, R. C., H. I. Maibach, D. A. W. Bucks, J. McMaster, and M. Mobayen,
1990. Percutaneous absorption and skin decontamination of PCBs: Invitro
studies with human skin and invivo studies in the rhesus monkey. J. Toxicol.
Environ. Health. 31:235–246.

Wester, R. C., H. I. Maibach, L. Sedik, J. Melendres, and M. Wade, 1993.
Percutaneous absorption of PCBs from soil: Invivo rhesus monkey, in vitro



Baseline Human Health and Ecological Risk Assessment

References 8-43

human skin, and binding to powdered human stratum corneum. J. Toxicol.
Environ. Health. 39:375–382.

WHO (World Health Organization), 1997. WHO Toxic Equivalency Factors for
Dioxin-like Compounds for Humans and Wildlife. Paper presented at 1997 dioxin
conference. World Health Organization European Centre for Environment and
Health, DeBilt, The Netherlands.

Wiemeyer, S. N., 1990. Organochlorines and mercury residues in bald eagle eggs,
1968-1984: Trends and relationships to productivity and shell thickness. Proc.
Expert Consultation Meeting on Bald Eagles, Great Lakes Science Advisory Board’s
Ecological Committee, Rep. To Intl. Joint Comm., Windsor, Ontario.

Wiemeyer, S. N., C. M. Bunck, and C. J. Stafford, 1993. Environmental
contaminants in bald eagle eggs—1980–84—and further interpretations of
relationships to productivity and shell thickness. Arch. Environ. Contam. Toxicol.
24:213–227.

Wiemeyer, S. N., T. G. Lamont, C. M. Bunck, C. R. Sindelar, F. J. Gramlich, J.
D. Fraser, and M. A. Byrd, 1984. Organochlorine pesticide,
polychlorobiphenyl, and mercury residues in bald eagle eggs—1969–79—and
their relationships to shell thinning and reproduction. Arch. Environ. Contam.
Toxicol. 13:529–549.

Wiener, J. W. Fitzgerald, C. Watras, and R. Rada, 1990. Partitioning and
bioavailability of mercury in an experimentally acidified Wisconsin lake.
Environ. Toxicol. Chem. 9:821–823.

Williams, L. and J. Giesy, 1992. Relationships among concentrations of individual
p o l y c h l o r i n a t ed  b ipheny l  (PCB)  congene r s ,  2 ,3 ,7 ,8 -
tetrachlorodibenzo-p-dioxin equivalents (TCDD-EQ) and rearing mortality of
chinook salmon (Oncorhynchus tshawytscha) eggs from Lake Michigan. J. Great
Lakes Res. 18(1):109–124.

Williams, L. L., J. P. Giesy, D. A. Verbrugge, S. Jurzysta and K. Stromborg,
1995a. Polychlorinated biphenyls and 2,3,7,8-tetrachlorodibenzo-p-dioxin
equivalents in eggs of double-crested cormorants from a colony near Green
Bay, Wisconsin, USA. Arch. Environ. Contam. Toxicol. 29:327–333.

Williams, L., J. Giesey, D. Verbrugge, S. Jurzysta, G. Heinz, and K. Stromborg,
1995b. Polychlorinated biphenyls and 2,3,7,8-Tetrachlorodibenzop-dioxin



Baseline Human Health and Ecological Risk Assessment

8-44 References

equivalents in eggs of red-breasted mergansers near Green Bay, Wisconsin,
USA, in 1977–78 and 1990. Arch. Environ. Contam. Toxicol. 29:52–60.

Winfrey, M., and J. Rudd, 1990. Environmental factors affecting the formation
of methyl mercury in low pH lakes. Environ. Tox. Chem. 9:853–869.

Wisconsin State Committee on Water Pollution/Wisconsin State Board of
Health, 1939. Investigation of the Pollution of the Fox and East Rivers and of Green
Bay in the Vicinity of the City of Green Bay. In collaboration with the Green Bay
Metroplitan Sewage District (GBMSD).

Wixson, B. G. and B. E. Davis, 1993. Lead in Soil. Lead in Soil Task Force,
Science Reviews, Northwood. 132 p.

Wobeser, G. N. Nielsen, and S. Schiefer, 1976a. Mercury and mink, I: The use
of mercury-contaminated fish as a food for ranch mink. Can. J. Comp. Med.
40:30–33.

Wobeser, G. N. Nielsen, and S. Schiefer, 1976b. Mercury and mink, II:
Experimental methyl mercury intoxication. Can. J. Comp. Med. 40:34–45.

Wolfert, D. R., and M. T. Bur, 1992. Selection of Prey by Walleyes in the Ohio
Waters of the Central Basin of Lake Erie, 1985–1987. Resource Publication 182.
14 p.

Woodford, J. E., W. H. Karadov, M. W. Meyer, and L. Chambers, 1998. Impact
of 2,3,7,8-TCDD exposure on survival, growth, and behavior of ospreys
breeding in Wisconsin, USA. Environ. Toxicol. Chem. 17:1323–1331.

World Health Organization (WHO), 1993. Polychlorinated Biphenyls and Terphenyls
(Second Edition). Environmental Health Criteria 140. World Health
Organization, Geneva, Switzerland.

World Health Organization (WHO), 1997. Meeting on the Derivation of Toxic
Equivalency Factors (TEFS) for PCBs, PCDDs, PCDFs, and Other Dioxin-like
Compounds for Humans and Wildlife. Stockholm, Sweden. Draft Report. July 30.

Wren, C. D., 1991. Cause-effect linkages between chemicals and populations of
mink (Mustela vison) and otter (Lutra canadensis) in the Great Lakes basin. J.
Toxicol. Environ. Health. 33:549–585.



Baseline Human Health and Ecological Risk Assessment

References 8-45

Wren, C. D., D. Hunter, J. Leatherland, and P. Stokes, 1987a. The effects of
polychlorinated biphenyls and methylmercury, single and in combination on
mink, I: Uptake and toxic responses. Arch. Env. Cont. Toxicol. 16:441–447.

Wren, C. D., D. Hunter, J. Leatherland, and P. Stokes, 1987b. The effects of
polychlorinated biphenyls and methylmercury, single and in combination on
mink, II: Reproduction and kit development. Arch. Env. Cont. Toxicol.
16:449–454.

Wren, C. D., W. Scheider, D. Wales, B. Muncaster, and I. Gray, 1991.
Relationship between mercury concentrations in walleye (Stizostedion vitreum
vitreum) and northern pike (Esox lucius) in Ontario lakes and influence of
environmental factors. Can. J. Fish. Aquat. Sci. 48:132–139.

Yamashita, N., S. Tanabe, J. P. Ludwig, H. Kurita, M. E. Ludwig, and R.
Tatsukawa, 1993. Embryonic abnormalities and organochlorine contamination
in double-crested cormorants (Phalacorcorax auritus) and Caspian terns
(Hydroprogne caspia) from the upper Great Lakes. Environ. Pollut. 79:163–173.

Zabel, E. W., P. M. Cook, R. E. Peterson, 1995. Toxicity equivalency factors of
polychlorinated dibenzo-p-dioxins, dibenzofuran and biphenyl congeners
based on early life stage mortality in rainbow trout (Oncorhynchus mykiss).
Aquat. Toxicol. 31:315–328.

Zabik, M. E., C. Merrill and M. J. Zabik, 1982. PCBs and other xenobiotics in
raw and cooked carp. Bull. Environm. Contam. Toxicol. 28:710–715.

Zabik, M. E., M. J. Zabik and H. Humphrey, 1993. Assessment of Contaminants in
Five Species of Great lake Fish at the Dinner Table. Pesticide Research Center and
Department of Entymology, Michigan State University.


